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(54) Particles and droplets containing liquid crystal domains and method for forming In an 
aqueous medium 



(57) Disclosed are uniformly sized domains of liquid 
crystals, a method for forming the domains, and their 
performance in polymer dispersed liquid crystal dis- 
plays. The method provides the ability to form discrete 
domains of liquid crystal surrourKled by a polymer shell, 
also known as polymer encased liquid crystals, or 
PELCs. Further, the method provides for the ability to 



make PELCs that have uniformly sized particles. Dis- 
plays made comprising uniformly sized PELCs demon- 
strate markedly improved electro-optical performance 
ever displays made by conventional polymer dispersed 
liquid crystal processes. 
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Description 

The present invention relates to a nnethod for forming, in an aqueous medium, particles and droplets corrtaining liq- 
uid domains. In particular, the present invention relates to a method for forming, in an aqueous medium, particles con- 

5 taining liquid crystal domains arvi having a narrower partide size distribution than liquid crystal domains prepared from 
conventional processes. The present invention also relates to liquid crystal-containing particles formed by the disclosed 
method, and to films containing the liquid crystal-containing particles. Liquid-crystal containing particles made accord- 
ing to the present method exhibit improved electro-optic properties over conventional liquid crystal particles when incor- 
porated into polymer dispersed liquid crystal films. 

10 Materials other than liquid crystals may be. contained within droplets formed according to the method of the present 
method. Such material may be any organic liquid and preferat^iy has a low water solubility, as discussed herein below. 
The liquid material nnay also be a. solution of a material which is nornnally a solid at room tenrperature. One or nrK^re 
materials may be used in combination with, or in place of, a liquid crystalline material. As used herein, the term "organic 
liquid' irx^ludes reagents, adjuvants, and other chemically or biologically active species. Examples include inks, toners. 

15 dyes, flavors arKi fragrances. Other examples include biocides such as pesticides, herbicides, mildicides, insectiddes 
and fungicides, marine anti -fouling agents, pharmaceutically acceptable ag^ts. and the like. The organic liquids used 
in this manner according to the present invention may be pure liquids, mixtures or solutions of solid or liquid species in 
organic solvents. The organic liquid may be removed by evaporation, for exarrple during film formation, leaving a void, 
or air or another gaseous material, within the particle. 

so Attematively, material contained within the droplets nnay t>e inorganic or partially inorganic in nature, or may be 
comprised of precursors of inorganic species. For example, appropriately functionalized organic species could be 
chemically, or otherwise, converted to inorganic salts or complexes while in the droplet. Such appropriately functioruil- 
ized organic species could themselves be pari of a mixture or solution with one or more additional liquid or solid spe- 
cies. Complexes of organic ligarxiS' with metals may also be incorporated into the droplets. As discussed herein, the 

25 method of the present invention, is particularly useful in forming uniformly sized polymer particles containing liqutd crys- 
tal material. 

Applications for liquid aystals include: compute cfisplay screens: wristwatches; architectural windows: privacy win- 
dows; automotive windows; automobile sunroofs; switching devices such as for optics systems, projjection display 
devices; reflective display devices; hand-held paging devices; cellular phones; laptop computers; television screens 

30 including car-mounted television screens: automotive displays including radio, dashboard, and on-board navigation 
systems; helmet displays such as rheads-up" displays; cockpit displays;, imaging devices; virtual reality devices; smu- 
lation devices; electronic gating devices; diffraction gratings; and calculators. In these applications and others, the liquid 
crystal devices may be monochronrwtic or polychromatic. 

Liquid aystal molecules are generally rod-like or disk-like in shape, and have physical properties which are inter- 

35 mediate between those of a crystalline solid and those of an amorphous liquid. The molecules are generally sut>stituted 
biphenyl or triphenyl, wherein one of the phenyl groups may be separated from the other or others by a spacer group. 
Exanrples of liquid crystal rr^aterials include: oonpounds having the formula 

A-(Ph)m-X-Ph-B 

wherein m is an integer from 1 to 5; A and B are independently selected from: Ci-Cs alkyi groups; halogens; cyano 
groups; haloalkyte; vinylene^. acetylene, azo. and azoxy nroieties; alkoxy groups having the formula CnH2^iO, wherein 
n is an imeger from 1 to 8. and ester groups havrig the formula CnH2nf iCOO. wherein n is an int^er from 1 to 8. X is 
a spacer group selected from: CyC^ alkylene esters; CnH2n alkyl. wherein n is an integer from 1 to.8; vinylene. acety- 
ls lene. azo and azoxy groups: and azomethine linkages. 

Other examples include biphenyl compounds having the forrnula A-Ph-Ph-B. wherein A and B are irxJependentty 
selected from: cyano group; halogens; alkoxy. groups having the formula CnH2^iO. wherein n is an integer from 1 to 8. 
arttJ est©- groups having the formula CnHarHi COO. wherein n is an integer from 1 to 8. 

Triphenyl liqutd aystal materials may have, for example, halogen, cyano, haloalkyi and alkyl substituents. Another 
so example of a triphenyl liquid crystal material is 4-cyano-4'-<4-[npentyllphenyl)biphenyl. Biphenyl and triphenyl liquid 
crystal materials are well known in the art and are commercially available. 

Common liquid crystal materials are rod-like molecules which can be aligned by an electric or magnetic field, or by 
a surface. Conventional liquid crystal display (LCD) devices rely on the ability of liquid crystal molecules to align with 
electric f iekte and surfaces. Polymer dispersed liquid crystal (PDLC) devices, discussed below, rely upon the attlity of 
55 liquid crystal (LC) molecules to align with electric fiekis and with surfaces, and also upon the fact that the extent to which 
the liquid aystal molecules refract, or berKJ. light is dependent upon the orientation of individual molecules with respect 
to incident light. An indicator of the capacity of the molecules to refract light is the index of refraction, or refractive irtdex. 
discussed below. 

Liquid aystal devices, or LCDs can contain a range of liquid aystal types that irK:lude but are not limited to nematic, 
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twisted nematic. super twisted nematic. cholesteric. ferroelectric liquid crystals. Such types are well known in the art 

Another type display utilizing liquid crystals relies on liquid crystal domains dispersed within a polymer nr>atrix. A 
liquid crystal domain is a region occupied exclusively or predominantly by liquid crystal molecules. This type o1 liquid 
crystal display is known as a jjolymer dispersed liquid crystal display (PDLC). PDLCs are often used in the form of thin 

5 films, meaning films having a thickness of up to about 200 microns, typically a thickness of between 2 miaons and 50 
microns. The ability of the PDLC device to transmit light, ('on stated or scatter light (in the opaque "off state") is depend- 
ent upon the relative ability of the LC domain and the polymeric phase to refract light, as indicated by the so called 
refractive index. The refractive index of a material is the ratio of the velocity of light in a vacuum to the velocity of light 
in the material. The angle of refraction varies with the wave-length of the light used. The refractive index is typically rep- 

10 resented by h. with a superscript usually added to indicate the temperature at which a measurement is made and a sub- 
script is used to indicate the wavelength of the light source. (The Chemist's Ready Reference Handbook, G. J. Shugar 
and J. A. Dean, McGraw-Hill; Inc.. New >brk. 1 989). For a typical organic material, the refractive index may rsihge from 
about 1.4 to about 2. and is calculated by the formula • ■ ' 

15 h = c/v 

where h is the refractive index, c is the speed of light in a vacuum and v is the speed of light in a given material. 

The ability of an electric field to influencet the extent of refractive index matching is due to the fact that liquid cryistals 
exhibit differing indices of refraction, dependent upon their orientation with respect to incident light. When light passes 

20 through a liquid crystal medium along the long axis of the molecules, the refractive index measured is called its ordinary 
refractive index. When light passes through a liquid crystal nriolecule perpendicular to its long axis, the refractive index 
measured is defined as its extraordinary refractive index. In a PDLC device, the orientation of the liquid crystal mole- 
cules with respect to irKident light is affected by the presence or absence of an electric, or alternatively nr^gnetic. f iek:! 
such that the liquid crystals will express an ordinary refractive index or an extraordinary refractive index as a function of 

25 the applied field t>eing either on or off. respectively. In the instance where the ordinary refractive index of the liquid crys- 
tal droplets is notched closely with the refractive index of the surrounding polymer matrix, light incident on a film com- 
prising liquid crystal droplets and polymer is not refracted and the film is substantially transparent In the instance where 
the extraordinary refractive index of the Ik^u'd crystal droplets does not match the refractive index of the surrounding 
polymermatrix. and the LC droplets are provided wKh the correct size and geometry, light incident on a film comprising 

30 liquid crystal droplets and polymer is refracted and the film is substantially opaque. 

The size of the LC droplets, or alternatively referred to herein as LC domains, also has a profound effect upon the 
electro-optical characteristics of PDLC films. When LC and surrounding polymeric matrix have the same refractive 
index, the film will be transparent regardless of the size of the domains. When the refractive indecies of the LC droplets 
and the polymer matrix are not matched, however, domain size, domain size distribution, and number of domains deter- 

35 mine the extent to which light is scattered. Ideally, the polymeric matrix of a PDLC is chosen such that its index of refrac- 
tion matches the ordinary index of refraction off the LC dohiain 

As described hereinatx>ve, when both LC and polymer have the same refractive irKlex. transparency is achieved. 
The closeness of the nr^atching of the indices, or the "index matching", may be selected t>ased on the desired degree of 
contrast and trar^parency in the device. Misn^tched refractive indices cause light to scatter with the result that opacity 

40 is achieved. For transparency, the ordinary index of refraction of the liquid crystal arKi the index of refraction of the pol- 
ymer will preferably differ by no more thari 0.03. more preferably no more than 0.01. and most preferably by no nrtore 
than 0.001 . The acceptable difference will depend on LC domain size. LC domain sizes on the order of the wavelength 
of the light being refracted will give nnaximum scattering. Domain sizes less than- at»out 1/1 0th the wavelength of the 
light being refracted will not scatter light significantly even if the refractive' indices of LC and polynner are mismatched. • 

45 A disadvantage of conventional PDLCs is an undesirably high switching voHage. Switching voltage. is a voltage that 
is required to orient the LCmolecules nornrtal to the substrate conducting surtaces, thereby creating a transparent state. 
This voltage, Vqn. 'S typrcal from 70 to 100 percent {Vyo-V^jo) of the transition in transparency from the film's nriost 
opaque state to its most transparent state, preferably from 75 to 95 percent and most preferably from 80 to 90 percent 
of the transition in transparency from the film's most opaque state to its most transparent state. Similarly, there rs a volt- 

50 age, Vopp for which the film will be in a relatively opaque state. Typically voltage Vqff from 0 to 30 percent (yo^^zo) 
of the transition in transparency from the film's most transparent state to its most opaque state, preferably from 5 to 25 
percent and most preferably from 10 to 20 percent of the transition in transparency from the film's most transparent 
state to its most opaque state. 

Commercially available PDLC devices require switching voltages of about 40 volts. These voltage requirements 

55 exclude PDLC devices from many applications. Preferably, switching voltages of about 8 volts are desirable in order to 
access a broader range of applications. It is desirable to have as low a switching voltage as possil>le. in order to reduce 
energy requirements and to increase battery life. 

The surface of the polymeric wall sunounding an LC domain in a PDLC film exerts a force upon the Ik^uid crystal 
molecules of that domain such that liquid crystal nrtolecules in contact with the polymer surface, or substantially dose 
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to the polymer surface, will behave differently in the presence and the absence of an applied field than those tiqutd crys- 
tal molecules not in contact with or substantially dose to the polymer surface. The magnitude of that force, called the 
anchoring force, depends upon, for example, liquid crystal and polymer composition, but it also depends upon proximity 
of LC molecules to the polymer wall. The anchoring force experienced by an LC molecule decreases as its distance 

5 from the wall increases. 

The polymer-wall surface area encountered by liquid crystal molecules in PDLC films depends on size of the liquid 
crystal domain (the term 'V^air is used to describe that area of the polymer in contact with the liqtid crystal domains). 
For exan^le. two PDLC films, each of which contains the same total vdume of spherical LC domains with each film 
containing. spherical LC donr^ins having a single diameter, and the LC domain diameter in one film is twice that in the 

10 other. In the film containing the smaller domains, there will be eight times as many domains as in the film containing 
large domains. The total wall surface area of the set of small domains will be twice the total wall surface area for the 
large donnains due to the dependence of surface area upon the square of the radius. All other things being equal, a 
PDLC film containing sn^aller domains will have a larger fraction of its LC molecules in close contact with the polymer 
wall, and will require more applied voltage to align the LCs parallel with an applied field than Is required for LC.mole- 

15 cules in larger domains. 

Conventional PDLC preparative methods resulted in broad distributions for the shapes and sizes of LC domains. 
This is true for all of the phase separation techniques. ConvTK)nly used phase separation techniques are thermally, sol- 
vent, and polymerization induced phase separation, known by the acronymns TIPS, SIPS, and PIPS, respectively and 
are well known in the art. Such phase separation usually occurs via one of two fundamental processes, nucleation and 

^0 growth or spinodal decomposition. In the former, domains nucleate at different times and grow at different rates to give 
a broad distntxition of domain sizes. In the latter, nearly instantaneous phase separation produces lacy bicontinuous 
structures which, by their very nature, exhibit a variety of shapes and sizes. Techniques involving aqueous emulsions 
of liquid crystal molecules, e.g., known in the art as the so called NCAP process for forming Nenriatic Curvilinear Aligned 
Phases, also produce broadly distributed LC domain sizes characteristic of mechanical emulsification. (R S. Drzaic. 

25 *Liqutd Crystal Dispersions" World Scientific. River Edge. New Jersey. 1995.) 

As a consequence of having broadly distritxited LC domain sizes, as one applies a field of increasing voltage to a 
PDLC film, the largest domains and the most spherical domains, i.e.. those having the lowest ratio of surface area to 
LC volume, align normal to the applied field first. Progressively smaller and less regularly shaped domains then t>egin 
to align normal to the applied field (also known as "switching") at higher and higher voltages until, finally, the peak volt- 

30 age (the lowest voltage giving maximum transparency) is reached. In this way. the presence of many domain sizes in a 
single PDLC film leads to a broad transition in the graph of light transmission versus, voltage. Such broad transitions 
have excluded PDLC films from use in applications, such as pagers and cellular phones, where multiplexing, discussed 
below, is highly desired. Additionally, fonn/ard and backward scatter of light, off-angle haze in the electrically ON state, 
and wave length dependent optical properties are extremely sensitive to LC domain size. 

35 hiand-held devices such as pagers and cellular phones have relatively simple displays, generally comprised of a 
single row of alphanumeric characters, i. e.. letters such as. D. X and Z as well as numbers such as 1 . 7 and 9. for exam- 
ple. Each character is made up of pixels. Various techniques for applying a voltage to one or more pixels in a plurality 
of pixels comprising a display application include, but are not limited to: direct drive, passive nrtatrix addressing, and 
active matrix addressing. These techniques are known in the art. Conventional PDLC technology is not applicat>le to 

40 the use of passive matrix addressing. The following relationship is known as the iron law of multiplexing. (P. M. Alt and 
P Pleshko. IEEE Trans. Elec. Dev. EP-21, 146 (1974)) . . 

' Nmax=Ks^^l)/(s^-l)]^ where s = V q^/V OPP 

45 Muliplexing allows to greatly reduce the number of display interconnections by addressing matrix row and column 
electrodes rather than individual pixel electrodes. Nm&x defines the maximum possitple number of row electrodes that 
can be addressed. 

Convential PLDC devices transition from Voff to Vqn over a broad range of voltages with Nn^^^ 3 or less. The 
ability to have N^^^ ^ highly desirable thereby providing PDLC devices surtaljle for passive matrix addressing and 
so therefore a highly desired display technology for such applications as pagers and cellular phones utilizing English lan- 
guage characters. PLDC devices with about 8 or greater woM enable use of PDLC devices for displaying more 
complex characters such as Kanji characters. 

According to a first aspect of the present invention there is provided a method for forming seed partides having a 
polydlspersrty of less than 1 .3. said method comprising : 

55 

1) forming a pre-seed emulsion of partcles by polymerizing one or more first ethylenlcally unsaturated monomers, 
and 

2) forming an emulsion of seed partides by aqueous emulsion polymerization, in the presence of said pre-seed 
emulsion, of one or more second ethylenicalty unsaturated monomers. 
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According to a seconjd a^ect of the present invention there is provided a method for fornrting particles containing 
liquid crystal material and having a polydispersity of less than 1 .3, said method comprising: 

1) forming a pre-seed emulsion of particles by polymerizing one or more first ethylenically unsaturated nioriomers; 
5 2) forming an enriulsion of seed particles by aqueous emulsion polymerization, in the presence of said pre-seed 

emulsion, of one or more second ethylenically unsaturated monomers; 

3) adding to said emulsion of seed particles one or more liquid crystal materials, to form an emulsion of seed par- 
ticles and liquid crystal nruiterial. and 

4) causing said liquid crystal material and said seed particles to form substantially monodisperse droplets contain- 
10 ing liquid crystal and seed. 

Another aspect of the present invention is a plurality of discrete polymer particles containing liquid crystal domains, 
said polymer partides having a polydispersity of less than 1 .3 

Another aspect of the present invention is a method for forming liquid crystal domains having a particle size of from 
15 0.150 micron to 15 microns and a polydispersity of less than 1 .3. 

A further aspect of the present invention is a plurality of discrete polymer particles containing liquid crystal domains 
wherein each liquid crystal domain comprises liquid crystalline material andseed at a ratio of from 1:1 to 1500:1. and 
wherein said plurality of polymer dispersed liquid crystal domain sizes has a polydispersity less than 1 .01. The particles 
formed by the method of the present invention have sizes within the range from about 0.150 micron to about 15 microns. 
20 Another aspect of the present invention provides a polymer dispersed liquid crystal device comprising the polymer 
particles containing liquid aystal domains of the present inventiori. said device having a switching voltage of less than 
1 .2 volt per micron thickness of film. 

The present invention further comprises liquid crystal apparatus, comprising liquid crystal means for selectively 
scattering or transmitting fight in re^>onse to a prescribed input said liquid crystal means comprising unifbrmly sized 
25 particles having operationally nemattc liquid crystal domains encased in a continuous polymer shell, said partides hav- 
ing particle sizes ranging from 0.150 microns to 15 microns in diameter and polydispersities of less than 1.3, and further 
containing a support medium means of supporting said liquid aystal means. The construction of which is comprised of 
two substrates, generally glass or plastic sheets, are disposed opposite to each other through a polymer dispersed liq- 
uid crystal layer. Each substrate further contains a electrically conductive layer next to the polymer dispersed liquid 
30 crystal layer. Such designs are well known in the art and are disdosed in U.S. Pat. Nos. 4435047, 4591233. and 
4810063. 

The liquid crystal apparatus further comprising a reflecting means for effecting internal reflections of light scattered 
by said liquid crystal: said support medium means having a viewing side for emitting at least some tight scattered by 
said liquid crystal means and an opposite side relative to the viewing side and further conrprising optical absorbing 

35 means or absorbing light through said opposite side of supjxsrt medium means. 

The present invention seeks to overcome several disadvantages of the current technology for liquid crystal materi- 
als by providing a means for forming POLCs having liquid crystal domains of uniform size. The liquid crystal dbnnains 
exhibit n^y advantageous over conventional PDLC properties ttiat indude but are not Ignited to: lower switching volt- 
age; reduced off-angle haze; ability to use passive matrix addressing; cbntrol scattering phenomenon such as contrast. 

40 transparency, and opacity; and improved switdiing on and off times. This is accorhplished by forming polymeric parti- 
cles of controlled size and with uniform partk:le size distribution which are filled with liquid crystal material and control- 
ling the composition of the.polymer. The polymeric particles of the present invention are called 'polymer encased liquid 
crystals- (PELC). 

It has been surprisingly found that liquid crystal domains of uniform size and controlled diameter may be obtained 
45 by swelling of seed partides with a liquid crystalline material. - 

Without intention to be bound by any theory. It Is thought that this unexpected result is achieved due to the tHermo- 
dynamically controlled transport of the LC into the seed partides. The liquid aystalline material swells the seed parti- 
cles and forms droplets having domains containing liquid crystal and seed: The liquid crystalline domains arie dispersed 
in an aqueous medium. The weight ratio of liquid crystal to seed preferably ranges from 1500:1 to 1 :1, more preferably 
so 1000:1 to 10:1, and nrw>st preferably 750:1 to 50:1, 

The seed partides made according to the method of the present invention may be swelled, or filled, with liquids 
other than, or in addition to, liquid crystal nraterial. In lie present method, this is called "primary swelling". Liquids useful 
for swelling the seed particles according to the method of the present invention are liquids having a low water solubility. 
As used her in. the term "water soluble" means completely soluble in water; "having low water solubility" means having 
55 a water sdul>ility at 25-50 *C of no greater than 200 miliimoles/liter; and the term "having very low water solubility" 
means having a water solubility at 25-50 *'C of no greater than 50 millimoles/lrter. Although other liquids may be 
employed, preferably, liquids used for swelling the particles have a very low water solubility, and more preferably, a water 
solubility of 10 mill imoles/l iter or below at 25-50 "C. 

The metiiod of the present invention produces a plurality of domains of uniform size. As used herein, the term 
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"domains of uniform size' refers to domains having a size distribution which is substantially nrK)nodisperse. Those with 
skill in the art will understand that donriains as used herein is broadly defined to encompass droplets, particles, the core 
of polymer encapsulated liquid crystals and domains in polymer dispersed liquid crystal f ilrro. The term "monodisperse" 
refers to a domain size distribution, or polydispersity (PD). of exactly 1 . Polydispersity is known in the art as an indicator 
5 of the breadth of the domain size (or particle size) distribution. Polydispersity as used herein Is calculated from the 
weight average size, dv^ and the number, average size, d^, by the formulae: 

PD=(d^)/{d„). 

70 d^Enjd/Enj 

d^^Lnjdidj/Lnjdi 

where nj is the number of domains having the particle size di. 

15 The uniform LC domains of this invention may be present as droplets dispersed in an aqueous phase. The aqueous 
dispersion of LC droplets may also be combined with a water soluble polymer such as poly(vinyl alcohol) or a latex pol- 
ymer such as polyurethane or (meth)acrylic copolymer and formed. into a film by coating a surface and evaporating the 
water The LC domains in aqueous dispersion may alternatively be converted to polymer encased liquid crystal (PELC) 
particles in which the LC domain forms a core surrounded by one or more polymeric shells. The PELC particles so 

so formed can then be dried to form a powder comprising individual particles of LC molecules sun'ounded by one or more 
polymer shells. An aqueous dispersion of PELC particles may also be spread across a surface using a Doctor blade, 
or other device known to the art, to form an aqueous f 3m from which water and any other volatiles can be removed to 
form a dry film. 

Optionally, the aqueous dispersion of PELC particles may contain one or more water soluble polymers or latex pol- 
25 ymers that can serve to bind the PELC particles together as a component of a polymer dispersed liquid crystal matrix. 
Once incorporated into a POLC matrix, the LC cores of the PELC particles function as the switchable LC domains of 
. the PDLC film. 

Aqueous dispersions of uniform LC droplets make it possible to form PDLC films having LC domains of more nar- 
rowly distributed size than can be achieved by conventional aqueous emulsion techniques. However, there is a ten- 

30 dency of the droplets nr^de by conventional aqueous emulsion techniques to coalesce to some extent, thereby 
broadening the LC domain size distribution in resultant PDLC films. Such coalescence is completely avoided by first 
forming one or more polymeric shells around each LC domain (i.e., form PELC particles of the present invention) prior 
to film formation. The presence of the polymeric shell of a given PELC particle effectively prevents its LC core from coa- 
lescing with the LC cores of immediately adjacent PELC particles, and the narrow particle size distribution created dur- 

35 ing synthesis is fully retained upon film formation: 

The particle size distribution of the liquid crystal domains and the liquid crystal -containing particles formed by the 
method of the present invention is narrower than that of typical liquid crystal domains formed by conventional methods. 
By the method of the present Invention, liquid crystal domains and liquid crystal containing particles may be obtained 
which have a polydispersities tielow 1 .3, pref errably less than 1.1. The size distributions of the liquid crystal droplets and 

<o PELC particles formed by the method of the presem invention are influerKied by the particle size distritxjtions of tiie 
seed particles used in forming them. Under optimal conditions, particles may be obtained having a polydispersity of less 
than 1.01. preferably less than or equal to 1.005. In contrast, liquid aystal domains made by conventional techniques 
have polydispersities greater than or equal to 1 .5. 

The liquid crystal particles of the present invention may be used to form films. It has also been une^ededly dis- 

45 covered that PDLC films made from particles formed by the present method may t>e switched at a voltage of less than 
1 0 vohs for a 10 micron thick film. As used throughout this specification, switched is understood to mean a PDLC film 
changing from a ajbstantially opaque state to a suk)stantially transparent state. Films made from particles formed by 
the present method have ©witching voltages of about 1 .2 V per micron thickness or less. Preferably, films may be made 
from particles formed by the present method having a switching voltage of less than about 1.0 V per miaon thickness 

so of film, and owe preferably. 0.5 V or less per nnicron thickness of film, . 

A further result of the present method is a film comprising uniformly sized PELC particles or uniformly sized liquid 
crystal droplets that can be multiplexed, or alternatrvely stated, have greater than 2. The present invention pro- 
vides levels of multiplexing providing for the capatjility to display 7-segment, or alpha -numeric, characters, i.e., N^^j, val- 
ues of greater than about 4. The present invention provides levels of multiplexing providing for the capability to display 

ss 13-segnnent or Kanji. characters, i.e.. N^ax values of greater than about 8. The present invention provides even higher 
levels of multiplexing capabilities, i.e.. N^ax values of greater than about 23. 

A further resuH of the present method is the riarrow voltage range over which a ffflm comprising uniformly sized 
PELC partides or uniformly sized liquid crystal droplets of the present invention will turn from a substantially opaque 
state to one of substantially transparerrt. This range may be referred to as the "switching sharpness parameter". The 
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switching sharpness parameter is defined as the voltage range over which the film switches from a substantially opaque 
state (Vqpp) to a substantially transparent state (Von), and can be expressed according to: 

Switching Sharpness Parameter = Vq^j - Vqpp 

5 

For a 10 miaon thick film, for example, particles prepared according to the method of the present invention will 
result in a switching sharpness parameter of less than 3 volts, preferably less than 2 volts, and more preferably less than 
1 volt. A narrower sharpness parameter provides for larger N^„: 

A further result of the present invention is the substantial absence of hysteresis in PDLC display applications, typ- 
w ically less than 8%. preferrably less than 4%, and most preferably less than 2%. Hysteresis is the phenomenon in v^ich 
the response of the liquid crystals within one or more domains comprising a plurality of domains in a display device is 
substantially different in the voltage transition Vqn to Voff compared to the transition Vqff to Vqn and is given by the 
following equation: 

,5 Hysteresis = (V 50^. V5^^)/((V + V5o^)/2)))10^ 

Where V50U is the voltage where 50% of the transition in transparency from the film's most opaque state to its most 
transparent state is reached with increasing voltage cind Vsod is the voltage where 50% of the transition in transparency 
from the film's most opaque state to its most transparent state is reached with increasing voltage. 
^0 The present invention provides for a means to optimize contrast between the on state and off state. The improve- 
ment in contrast is provided by controtting the size (diameter) of PELC particles or domains of liquid crystals. 

A further advantage of improved cornrast is increased levels of multiplexing. POLC films with high contrast between 
the on state and off state provide for flexibility in selecting Vqff ^^id Vq^^ such that the levels of multiplexing can be 
increased. 

25 A further advantage of the present invention is that films made from PELCs have reduced off -angle haze compared 
to conventional PDLC films! Polymer dispersed liquid crystal filrris are often used in architectural window applications 
as a light valve to alternately allow and block the transmission of light. Privacy, and protection from sun light, are 
achieved without recourse to mechanical blinds in these, so called, smart windows. These v^ndows. unfortunately, often 
suffer from high off-angle haze. In the ON-state, the window appears transparent when viewed normal (0**) to the plane 

30 of the window. H an observer moves from a position rrarmal to the plane of the window, for example, about 30* relative 
to normal, the window is still transparent (and still reveals what is on the other side), but the image is hazy This phe- 
nomenon is called "off -angle haze" and is well know In the art. 

Without intention to be bound by any theory, the source of this objectionable haze becomes apparent upon realiza- 
tion that the arigle between incident light and the major axis of the aligned liquid crystal molecules in the ON-state nujst 

35 be 0* if the full effect of the ordinary refractive index is to be observed. Deviation from that angle causes a shift in the 
liquid crystal refractive index toward the extraordinary value. The resulting mismatch between refractive indices of liquid 
crystalline domains and polymeric matrix, increases light scattering, and is seen as haze. 

The present invention provides a means for reducing the off-angle haze prevelant in convential PDLC films through 
the use of liquid crystals having reduced difference between ordinary and extraordinary refractive tndicies and also 

40 through control of the particle diameter. It is t)elieved that control of particle size results in minimization of off-angle haze 
In the on state and maximization of scattering in the off state. A broad disfritxition of domain particle sizes would, result 
in a significantly less opaque OFF-state which, in turn, would translate into lower contrast. 

To prepare liquid crystal droplets and PELCs of the present invention, cin aqueous emulsion of liquid aystal mate- 
rial is combined with an aqueous emulsion of seed particles. Alternatrveiy, another liquid material may be used in place 

45 of, or in combination with, liquid crystal material. The liquid material may be organic, inorganic or mixtures thereof. In 
addition, the liquid material may contain dsolved, or partially dissolved solid material. Organic shall mean to be com- 
prised substantially of hydrogen and caftx>n atoms. Organic may also incorporate other atoms such as oxygen, sulfur, 
nitrogen and hologens and isotopes thereof. Inorganic shall mean to be comprised substantially of all other atonns not 
described herein as organic. Inorganic materials may also be derived from precursor materials that in and of them-. 

so selves may or may not be inorganic. Preferably, the combined emulsions are mechanically agitated at a rate sufficient 
to cause intimate mixing of the two emulsions txit not so severe that shear forces cause coalescence or particles or par- 
ticle breakdown. The seed particles are swelled by the liquid material, forming droplets. Following this primary swelling, 
the droplets may optionally be further swelled by the addition of monomer, and the monomer may be polymerized. 
In a preferred emtxxJiment of the invention, conventional liquid crystals are employed as the liquid. Commercially 

55 available liquid crystal materials useful in the present invention are E7. E9. and TL-205 from E. Merck Co. (Germany). 
Other liquid crystal materials useful in the present invention are listed in U.S. Patent 4,308.164. and in Chandrasekhar. 

Liquid Crystals, 2nd Edn.; Cambridge University Press: Cambridge, 1992. A mixture of two or more liquid crystal 
materials may be used in the method of the present invention. 

The seed particles are prepared in an aqueous emulsion from one or more ^hylenically unsaturated monomers. 
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Emulsion polymerization techniques are known to those skilled in.the art. For exannple. emulsion polymerization tech- 
niques are discussed in U.S. Patents 3.037.952 and 2790,736. Emulsion polymerization techniques are also discussed 
in Emulsion Polymerisation Theory and Practice, D, C. BlacWey. Applied Science Publishers Ltd., London (1975). In 
emulsion polymerization methods, a SLirtactant is typically used, and the size of the seed formed is partly detft-mined 

5 by the amount and type of surfactant. For purposes of the present invention, it is desirable to form seed with particle 
diameters of a size range from about 50 nanometers to about 1 micron, preferably from about 150 nanometers to about 
500 nanometers, and more preferably about 200 nanometers (Wu ^ al.. U.S. Patent 5.237,004; see. for example, 
examples 1. 5. and 6). Jhe particle size desired for the seed particles is determined by the target partide size for the 
liquid aystal domains. Larger seed diameters] up to atxxjt 5 microns, can be achieved by non-emulsion processes 

10 whereby an emulsion-derived seed is swollen with monomer and polymerized. Particles of a useful size range may be 
prepared with surfactant concentrations of from about 0. 1 weight percent to about 5 weight percent, based on the total 
weight of monomers and liquid crystal.. depending on the type of surfactarit used. When non-ionic surfactants are used, 
it may be preferred to use up to about. 10 weight percent surfactant 

Common surfactants are well known to those skilled in the art and may be found in. for example. Porter. M. R., 

15 Handbook of Surfactants, Chapman and Hall. New York, 1991 . Examples of useful surfactants for the present invention 
include ionic surfactants such as. for exanr^Ie. sodium lauryl sulfate, dioctylsulfosuccinate. sodium polyoxyethylene lau- 
ryl ether sulfate, sodium dodecyl benzenesulfonate; and non-ionic surfactants such as, for example, glycerol aliphatic 
esters, polyoxyethylene aliphatic esters; polyoxyethylene alcohol ethers; and stearic acki nxjnoglyceride. 

The seed particles comprise polymer chains. The seed particles may be formed by polymerization in the preserwe 

20 of a pre-seed emulsion. The pre-seed emulsion is an emulsion of polymeric particles and is also formed by well-known 
aqueous emulsion methods. The pre-seed polymer may be crosslinked. As is well known to those skilled in the art. 
crosslinking may be achieved by the use of polyethylenrcally unsaturated monomers such as polyethylenically unsatu- 
rated aaylates and methacrylates or polyethylenically unsaturated aromatic monomer such asdivinyl benzene. 

Examples of polyethylenically unsaturated monomers useful as crosslinkers for forming the pre-seed emulsion 

25 include allyl methacrylate (ALMA); djcyclopentenyl acrylate and methacrylate; glycidyl methacrylate; glycidyl acryiate; 
acrylate and mett^crylate esters of neopentyl glycol monodicyctopentenyl ether, epoxy-containing acrylates and meth- 
acrylates; divinyl benzene and dicydopentenyloxyethyl aaylate and methacrylate. 

Ethylenically unsaturated monomers useful in fornrung the seed and pre-seed particles Include vinylaromatic mon- 
omers such as styrene. a-methylstyrene, vinyltoluene, vinylanthracene; ethylvinylbenzene and vinylnaphthalene. Non- 
30 aromatic vinyl monomers, such as vinyl acetate, hydrolyzed vinyl acetate, vinyl chloride, acrylonitrile, (meth)acrylic 
acids and alkyi esters or amides of (meth)acrylic acids (such as methyl acrylate, methyl methacrylate, ethyl acrylate, 
butyl methacrylate. methyl methacrylamide and dimethylaminopropyl methacryl amide), may also be used in forming the 
seed particles of the present invention, in addition cart)oxylic-acid-containing low molecular weight polymers, those with 
molecular weights of less tfvm atwut 10.000, are included within the scope of the present invention. The expression 

35 (meth)acrylic acid is intended to include methacrylic add and acrylic add; the expression is used similarly in, e.g.. 
methyl (melh)acrylate, ethyl {nr>eth)acrylate. and the like. Also useful are halogenated aromatic monomers, such as, for 
example, pentafluorophenyl methacryfate; and halogenated non-aromatic ownomers. such as, for example, haloalky 
acrylates and methacrylates. Also useful for forming seed and pre-seed particles are monomers containing crosslinka- 
ble functional groups when subjected to the proper conditions such as UV irradiation. Such materials include QM-1442 

40 also known as hydroxy-methacryloxy-propyl 2-benzoylbenzoate, available from the Rohm and Haas Co. Copolymers, 
such as those prepared from mixtures any of the aforementioned monomers, may also be prepared in forming the seed 
and pre-seed particles of the. present Invention. 

Chain transfer agents such as, . for example, mercaptans, polymercaptans, and polyhalogen compounds may 
optionally be added to the monomers in order to moderate molecular weight. Specific examples include alkyI mer- 

45 captens such as t^Jodecyi mercaptans and hexanethiol; alcohols such as isopropanol, isotjutanol, lauryl alcohol, and t- 
octyl alcohol; and halogenated compounds such as cartx)n tetrachloride, tetrachbroethytene, and triphlorbromoethane. 
For fornrting the seed panicles, the amount of chain transfer agent required may be from about 5 percent to about 20 
percent, although amounts above 20 percent niay be required depending on the molecular weight desired. Typically the 
polymer chains have a molecular weight from below about 200.000. preferrably below about 100,000. and most pre- 

50 ferred from about 200 to about 10.000. The lower molecular weights are preferred due to their inherent ability to swell. 
The amount of seed in the seed emulsion is determined by the final desired concentration of seed in the mixture, 
and the desired final size of the liquid domains. The enuision of seed parbcles may range up to about 50 percent seed 
partides by weight, and has no theoretical lower limit. 

For forming droplets conteining liquid crystal, an emulsion of liquid crystal material is used. The emulsion of liquid 

55 crystal material may be from 1 percent to 80 percent liquid crysfal material by weight preferably from 50 percent to 70 
percent The emulsion of liquid crystal material is combined vkrith the aqueous emulsion of seed partides. The order of 
addition is rx>t critical. The combination of the emulsion of liquid aystal material and the emulsion of seed partides gen- 
erally will not significantly alter the weight percent of liquid crystal in the final emulsion. 

In order to ensure that the liquid crystal material will swell the seed to form a liquid crystal domain, optionally a 



8 



BNSOOCID: <EP 076SS44A1 J_> 



EP 0 769 544 A1 

transport agent be used. The transport agent is also referred to as a co-solvent, and may be one or more materials 
selected trom solvents and monomers. The co-solveni may be a mixture comprising one or more solvents and one or 
more monomers. A suitat^le co-solvent Is preferably immiscible or slightly misdble with water, for example less than 5 
percent solut^le in water/and should act as a solvent for the liquid crystal. A mixture of co-solvents may be used. 
£ Examples of solvents useful as transport materials in the method of the present invention are: -C^2 ^'^y' asters 
such as ethyl acetate: halogenated C1-C12 alKanes such as methylene chloride; CyC^2 ethers such as ethyt ether; 
cyclic alky! ethers such as 2,5-dimethyltetrahydrofuran and 2.2.5,5-tetramethyttetrahydrofuran; CrCis ketones such as 
2-hexanone; and 0^-0^2 alcohols such as 1-pentanol. Ethyl acetate is the preferred solvent if a solvent is used as a 
transport agent. 

10 Examples of monomers useful as transport materials in the method of the present invention are: C1-C20 acrylates 
and methacrylates; halogenated CvC2o acrylates and methacrylates; aryl acrylates and methacrylates; halogenated 
aryt acrylates and methacrylates; hydroxy etfiyl acrytate and rtiethacrytate; hydroxypropyt methacrylate; hydroxypropyl 
acrylate; vinyl ethers: vinyl halides; and vinylidene halides. If a rhonomer is used, the monomer composition will be 
determined by the desired composition of the optional polymeric shell, discussed herein below. Methyl methacrylate is 

15 the preferred monomer. 

Alternatively, the transport material may be a maaomolecular organic compound having a hydrophobic cavity. A 
"macromolecular organic compound having a hydrophobic cavity" is a polymeric molecule, typically cylirxJrical or 
approximately cylirnirical. which typically has a hydrophilic exterior but has a hydrophobic interior. Such a compound 
may be used to transport hydrophobic substances in an aqueous environment: 
20 Macromol ecular organic compounds having a hydrophobic cavity, useful in method of the present invention, include . 
cyclodextrin and derivatives thereof; cyclic oligosaccharides having a hydrophobic cavity, such as cydoiruilohexose. 
cycloinuloheptose, and cydoinuloctose; calyxarenes; and cavitands. 

If a transport agent is used and the transport agent is macromolecular. cyclodextrin is the preferred macromolecu- 
lar organic compound to be used as a transport agent. The selection of cyclodextrin and derivatives thereof useful in 
25 the method of the present invention is determined by the solubility of the cyclodextrin and cyclodextrin derivatives in the 
aqueous medium and by the solubility of the species formed by the association of the transport agent and the LC. Suit- 
at^le cydodextrins useful in the method of the present invention include: a-cydodextrin, b-cyclodextrin, and g*cydodex* 
trin. The preferred cydodextrin derivative is methyl-substituted b-cydodextrin. 

The cydic oligosaccharides having a hydrophobic cavity, such as cycloinulohexose, cydoinutoheptose. and 
3D cydoinuloctose. are described by Takai et al in Journal of Organic Chemistry, 59(1 1 ), 2967-2975 (1 994). 

The calyxarenes useful in the method of the present invention are described in U.S. Patent 4,699,966. 

The cavitands useful in the method of the present invention are described in Italian patent application No. 22522 
A/89 and by Moran et al in Journal of the American Chemical Society, 1 84. 5826*28 (1982). 

The amount of optional transport agent to be used is partly determined by the composition of the transport agent. 
35 If the transport agent is a cyclodextrin. the weight ratio of cydodextrin to liquid crystal may range from about 1 :1000 to 
about 10:100 and is typically from about 1 :100 to about 5:100, more typically about 2:100. The lower limit is determined 
by such things as the desired rate of transport. The upper limit is determined by the required stability of the aqueous 
system. If the transport agent is a solvent or monome^r. the ratio of transport agent to liquid crystal is less critical, and 
will depend upon the desired particle morphology. For exarrple, if a solvent is used, the ratio between solvent and Squid 
40 crystal may be 10:1 or more. A monomer may be used as the transport agent. The amount of nwnomer used will be 
determined by the desired thickness of the shell, and by wrhether additional monomer will be used in forming the shell. 

In addition to the liquiqj crystal material and the transport agent, there may also be present in the aqueous medium 
one or more monomers, the monomers may already be present if they have been used as a transport agent: Alterna- 
tively, one or more monomers n^y be added, for example; in the form of an aqueous emulsion. Monomers useful in this 
45 step include the ethytenicatly unsaturated monomers listed above. The total amount of nru^nomer used may range from 
5 weight percent to 95 weight percent, preferably 10 percent to 50 percent, and most preferably 1 5 to 35 percent based 
on the total weight of monomer and liquid crystal. The total amount of monomer within this range includes monomer 
used in forming the seed, monomer optionally used as a oosolvent, and morK>mer used in subsequent polymerizations 
discussed hereinbelow. The amount of monomer may be adjusted depending upon the efficiency of polymerization of 
so the monomers, also called the conversion. 

The one or more monomers n^ay t>e polymerized in the presence of the liquid crystal materials and the transport 
agent. The monomers may be polymerized by aqueous suspension, enrujlsion, or dispersion polymerization. These 
methods are knos^ in the art. Polymerization may be canied out as a batch, continuous, or semi -continuous reaction. 
Preferably, the polymerization is carried out as a batch reaction. The present invention is not limited to free-radical 
£5 polymerization and that other forms of polymerization may also be used induding but not limited to polycondensation. 
See for example, U.S. Patent 3.577.515. 

The polymer formed may be distributed uniformly throughout the particle, or it may be present as a discrete phase. 
The discrete phase may exist as one or more pdymeric domains, or as one or more shefls. As used herein, "shell" 
refers to a discrete, water -insoluble layer surrounding the liquid crystal material. One or more shells may be formed 
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around the liquid crystal material . 

Examples'of monomers useful in the polymerization include styrene. a-methylstyrene. vinyttoluene. ethylvinylben* 
zene and vinylnaphthalene. vinyl anthracene, vinyl acetate, hydrolyzed vinyl acetate, vinyl haltdes, vinylidene halides, 
acryloyl and methacryloly functional silanes and siloxanes. vinyl silanes and sitoxanes. halogenated aromatic mono- 

5 mers. acrylonrtrile. aaytic acid, methacrytic acid. CyCzo alkyi esters of acrylic acid, halogenated C\ -C20 esters of 
acrylic acid. CrC2o alt^l esters of methacrylic add. halogenated CrC2o alkyI esters of methacrytic acid. Ci*C2o alkyI 
amides of acrylic acid. C)'C2o haloalkyl amides of acrylic acid and methacrylic acid, and 0^620 alkyI amides of meth- 
acrylic ackJ. Suitable polycondensation nxsnomers are provided in U.S. Patent 3.577.515. see columns 7 and 8. Halo- 
genated aromatic monomers Include aromatic rings having halogen substituents directly attached to the ring, or present 

10 on alky! groups attached to the ring, such as for example a trifluoromethyl group. Examples of halogenated aromatic . 
monomers include pentaf lurophenyt acrylate and pentafluorophenyl methacrylate. 

The polymerization of the one or.monpmers nfiay be used to form a polymeric shell around the liquid crystal.mate- 
rial. Polymer shells may be formed around the liquid crystal material with moriomers that nrwy contain one or more func- 
tional groups which may be converted to an ionic.moiety. Alternatively, polymer shells may be formed around the liquid 

/5 crystal material with monomers that dp not contain ionic moieties. 

MorK)mers containing functional groups which may be converted to an ionic moiety include hydrolyzable esters and 
anhydrides, nionomers containing cart>oxylic acid moieties And monomers containing amine moieties. Examples of 
HDonomers containing cart^oxytic acid moieties include acrylic add, methacrylic acid, (meth)acryloxypropionic ackJ. ita- 
conic acid, crtraconic add. crolonic acid, n^leic ackl, maleic anhydride, fumaric acid, monomethyl maleate, nrx)nome- 

20 thyl fumarate. monomethyl itaconic add. and mixtures of methaaylic and acrylic add. The use of carboxylic add 
containing low. molecular weight oligomers, those with molecular weights of less than about lO.OCX) molecular weight, 
are included within the scope of-the present invention. Examples of nxsnomers containing amine moieties indude 2- 
aminoethyl methacrylate. N-methacryloxypiperidine. dimethylaminoethyl methacrylate. vinyl pyridine, 2-(dimethyl- 
amino)ethyl (meth)acrylate, 2-(tert-t)utylanriino)ethyl (meth)acrylate. 3-(dimethylamino)propyl (meth)acrylamide. 2- 

25 (diethylamino)ethyl (meth)acrylate and 2-{dimethylamino) ethyl (meth)acrylamide. Preferred are monomers having 
acidic moieties and having a pKa of at least 3. such as methaaylic acid and mixtures of methacrylic add and acrylic 
add. Most preferred is. methacrylic acid 

Relative to the total monomers present, the amount of monomer conversion to tonic ntoieties preferably constitutes 
from zero tp to about 10 percent by weight of the total monomers, more preferably 1 percent to 7 percent, and most 

30 preferably 2 percent to 5 percent. However, the amount of monomer containing convertible functional groups is not lim- 
ited to 10 percent because the amount of conversion may be less than 100 percent of the available convertitDle tunc* 
tional groups. 

Other monomers, not having functior^l groups convertible to an ionic rrioiety but which are useful in forming the 
polymeric shell according to the method of the present invention, and may be present in the aqueous medium, indude 
55 hydroxy and di-hydroxy alkyl acrylates and methacrylates. such as for example hydroxyethyl acrylate. hydroxyethyl 
methacrylate, hydroxypropyl methacrylate. and hydroxypropyl aaylate. The amount of these monomers to be used is 
preferably 1 percent to 30 percent, and most preferably 10 percent to 20 percent by weight, based on the total weight 
of all monomers. 

The solubility of the liqukJ crystal material in the polymer to be formed may influence the need for the use of a mon- 

40 omer with functional groups convertible to an ionic moiety in order to form a discrete shell of uniform thickness. 

Also useful are monomers which have functional groups which provide stabilization against ultraviolet (UV) radia- 
tion. Examples of these nrwnomer indude potymerizable hindered amines. Another type of UV stabilizing monomer is 
4-methacrytoxyr2-hydroxyt>enzophenone. : 

The functional groups may be converted to ksnic moieties, for example, by acid-base reaction, or hydrolysis of said 

45 functional groups. For example, to carry out an acid base reaction, a base nr^ay be added when acid functional mono- 
mers are used, and an acid may be added when basic functior^l monomers have been used. The anx)unt of acid or 
base is deperxlent upon the functiorral group -and upon the degree of ioriization desired. Bases useful include amines 
such as arrvnonia. arxJ organic amines such as methyl amine, trielhylamine. piperidine, pyridine, mono, di-, and tri- alkyl 
amines, aryl amines, aniline, aminonaphthalene. other aryl amines; and hydroxides such as sodium hydroxide. Acids 

50 useful include C,-Ci2 aliphatic and aromatic monocartxjxylic acids, dicaftooxylic acids, and corresponding anhydrides 
and mixtures thereof. Spedfrc examples indude beruoic acid, m-toluic acid, p-chlorobenzoic add. o-acetoxybenzok: 
add. azelaic ackl, sebadc acid, octanoic add, cydohexanecartxjxylic add. lauric acid, and monobutyl phthalate. Inor- 
ganic adds such as hydrochloric add. sulfuric ackJ. and phosphoric acid may also be used. Also useful are sulfonk; 
adds such as para-toluene sulfonic add and methane sulfonic add. and phosphonic actos. Acetic acid is prefenred. 

55 For example, typically to achieve substantially complete tonization when a monomer containing a nfX)nocartx}xylic 
acid functton is used, ammonia may be added. The anrxjunt of ammonia added is at least one molar equivalent based 
on monocartxixylic acid functior^al monon^r, and preferably about 1.5 molar equivalents. Typically, to achieve complete 
ionization when a morromer containing an amine functional group is used, acetic acid may be added. The amount of 
acetic add added is at least one molar equivalent, and preferably about 1 .5 molar equivalents. 
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The conversion of the functional groups to ionic moieties is carried out as a final step in the process for forming the 
shell. The entire process for nuking the Itqutd crystal domains and the shell nviy be summarized as fcllovvs. A solution 
of liquid crystal, initiator; and monomer is enrtulstfied and added to an emulsion of the seed. After the seed is swelled by 
the liquid crystal, monomer and initiator, and has formed uniformly sized liquid crystal domains, then the mixture may 

5 be heated to the polymerization temperature for the monomer/initiator combination. Alternatively, heating and swelling 
may be carried out simultaneously. When polymerization is oonplete. the add or base is added. 

The polymeric shell may be crosslinked subsequent to the polymerization to form the shell polymer, preferably sub- 
sequent to the conversion of functional groups to ionic moieties. Crosslinking may be accomplished by the reaction of 
residual double bonds or functional groups, with or without the addition of a catalyst or other crosslinking. agents. 

w Crosslinking agents described above for use in crosslinking the pre-seed polymer are also useful in crosslinking the pol- 
ymeric shell. In particular, if monomers such as acetyl acetoxy ethyl methacrytate were used in forming the polymeric 
shell, the sut>sequent reaction with fornr^ldehyde or other aklehydes can serve to aosslinkthe polymeric shell. Other 
methods of crosslinking include the addition of difunctional molecules which can serve ais crosslinking agents such as 
for exanrple aziridine, cart)odiimtde, and diisocyanates. Also useful are metal salt methods of crosslinking known to 

15 those skilled in the art. Of further utility are monomers containing moieties useful as photoirvtiators. Polymer chains 
containing these moieties can be subjected to photocuring methods known in the art to achieve free radical aosslink- 
ing. . 

For example, if an epoxy-containir>g monomer was used in forming the shell polymer, a t>ase may be- utilized to 
effect crosslinking. The base may be present as a result of the shell formation, or may be added. The amount of base 

20 present, either in free or complexed form after shell formation, will generally be sufficient to effect crosslinking. However, 
additional base may be added to achieve a greater degree of crosslinking. Typically.- a full molar equivalent is not 
required. The amount of t>ase required may be referred to as a "catalytic amount", meaning that only an annount of base 
required to facilitate the reaction is needed since the base is not consumed in the reaction. 

Crosslinking by means of residual double bonds may require inducing a reaction by. for example, UV irradiation. 

25 optionally in the presence of a photsensrtizing agent or addition of free-radical initiator. Other crosslinking agents rely- 
ing on free-radical reactions, which may be. for example, thermally initiated, include polyfunctional acrylates and meth- 
acrylates. Specific examples are altyl methacrylate and l.l.l-trimethylolpropane tri(meth)acrylate. When one of the 
monomers is itself a photoinitiator. free radicals can be created on previously inert polymer chains, leading to reaction 
with other similarly activated chains to give crosslinking. 

30 Formation of more than one shell may be accomplished by sequential polymerization in more than one stage. It is 
preferred that the hydrophilidty of the polymers in each stage not be the same after neutralization. Hydrophilicity refers 
to the affinity of the polymers for the aqueous phase. Polymers of sufficiently different hydrophilidty will form, xspon neu- 
tralization, discrete adjacent shells or interpenetrating shells representing a gradient of composition. The neutralization 
of the polymer stages is a preferred emt>odiment Qn6 is not required. The difference in hydrophilicity may be accom- 

35 pushed by using different monomers in each stage, or by using the same monomers but in different ratios. 

Formation of more than one shell may also be accomplished by simultaneous polymerization of monomers having 
reactivities suffidently different that they would rot be likely to react together to form a random copolymer. 

Optionally, the shell may be a polymer having film forming capabilities. Polymers having film forming capabilities are 
characterized by their ability to flow, and form a film under ambient conditions or upon the application of heat. Examples 

40 of polymers having film forming capat^lities indude: polyacrytates and polymethacrytates; and other homopolymers 
and copolymers formed from acrylates, methacrylates, urethane, acrylonitrile, vinylidene chloride, and styrene. 

tf the one or more sh^ls have sufficient flexibility, the partides may be compressed in order to obtain packing with- . 
out coalescing of particles. This allows for denser packing of particles arKi resulting Ngher loading of liquid crystal in a 
film. Increased loading can provide faster switching rates, particulariy faster switching to the "ofT state. euxJ more effi- 

45 cient light scattering, if light scattering is desired for a particular application. 

The ability to pack the partides also allows for the fornration of polyhedral geometries, characterized by flat sur- 
faces, sharply angular edges and sharp vertices, in contrast to spherical or ellipsoida] partides. The partides acqiire 
polyhedral shapes due to being closely packed and compressed. Interstices between individual particles are substan- 
tially filled when the partides have polyhedral geometries. Polyhedral geometries allow for greater control of light seat- 
so tering and of alignment of the liquid crystal molecules both in the electrically "ofT condition and during switching to tiie 
"ofT state. The polyhedral geometries are also characterized by uniform polymer n^trix thickness between domains of 
liquid crystalline nnaterial. which also provides more effident and controlled light scattering. Riling of the interstices and 
consequent reduction in the amount of matrix polymer may inrtprove switching properties, induding redudng the switch- 
ing voltage and increasing the switching rate. 

55 Optionally, additional monomer, or mixtures thereof, may be added and polymerized following the formation of the 
one or more shells. The additional nxsnomer is polymerized on or in the particle induding the one or more shells. This 
fornns another external polymeric shell, useful for controlling such properties as: the structural integrity and flexibility of 
the PELC partcle; anchoring forces at the interface between liquid aystal and polymer wall; fOm formation; and adhe- 
sion. Initiator may t>e added prior to, concun-ently with, or subsequent to, the addition of the additional nrwnomer. It is 
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preferred that the cooposrtion of the additional monomers be chosen so that the additional monomers, when polymer- 
ized, form a layer adjacent to the existing shell(s) and bounded on its other surface by either liquid crystal or water. 

The polymeric. shell may optionally be functionalized following formation. For example, if functional groups exist on 
the interior surface of the innernrx>st shell or the exterior surface of the outernrK>st shell, derivatives may be formed at 
5 the desired surface. Examples of reactions by which functional ization may be accomplished include esterrftcation, salt 
formation, complexation, polymerization, and substitition reactions. Said reactions may be carried out utilizing methods 
known to those skilled in the art. Functionatization of polymers is discussed, for example, in U.S. Patent 4,283,499. 

An optional additional step in the method of the present invention is the removal of the transport agent. The manner 
in which removal is carried out depends upon the composition of the transport agent. 
TO If a macronxjlecular organic compound having a hydrophobic cavrty. such as for example a beta cydodextrin or 
methylated beta cydodextrin, has been used as the transport agent, it may be removed from the particle by adding a 
decomplexing agent A decomplexing agent is a material having an affinity for the macromolecular compound having a 
hydrophobic cavity. The decomplexing. agent may be added before polymerization or after polymerization of any mon- 
omers present, tf a monomer has been. polymerized by ennulsion polymerization in the presence of the macromolecular 
15 compound and the liquid crystal material, decomplexing may occur automatically before the polymer is formed and fur- 
ther decomplexing is generally not necessary.. 

Or>ce decomplexation has been canied out. the macronnolecular organic compourKl may still remain in the aque- 
ous phase. Optionally, it may be removed from the aqueous phase by. for example, diafiltration. The partides may also 
be separated from the aqueous phase by centrifugation or settling, followed by decantation. 
20 Suitat5le decomplexing agents include conventional surface active agents, such as, for example, nonionic. anionic 
artd cationic surfactants. Other suitable decomplexing agents include organic solvents such as, for example, ethanol. 
The amount of decomplexing agent used is preferably 1 to 10 moles of decomplexing agent per mole of macromolecu- 
lar organic conv^O"'^ having a hydrophobic cavity, to achieve complete decomplexation. 

If an organic compound, including monomers and solverits. is used as the transport agent. It may also be removed. 
25 The organic compound is preferably, but not necessarily removed before polymerization. The organic compound may 
be removed by evaporation. 

If a component of the liquid domain contained witiiin the PELC, further comprises a solid desotved in a liquid, the 
liquid may be renraved by evaporatiyiB or other means from the PELC. leaving a solid sun-omded by me polymer shell 
with or without additional void space. 

30 The PELC particles may be isolated in powder form after removal of aqueous phase. Isolated particles may be 
redispersed in aqueous or nonaqueous liquids. Following isolation, it may be desired, for example, to form a mixture of 
partides having two or more sizes. A nr^xture may be formed by combining isolated particles or, preferably, by combin- 
ing dispersions of partides. Alternatively, a mixture of particle sizes may be obtained by carrying out the primary swell- 
ing described hereinabove, using seed partides having different partide sizes. Upon forming a film comprising a 

35 mixture of partides having two or more sizes, allows for stepwise switching and greater control of film opacity. 

Liquid crystal ^ntaining particles formed according to the present invention may be used to form films. A film may 
t»e formed by incorpaating a polymer into an emulsion or suspension of particles, or into a water-soluble polymer. Pol- 
ymers useful in forming films with the partides of the present invention indude film-forming latex polymers and water 
solut)le polymers. Film-forming latex polymers and water soluble polymers nr^ay be used alone or in combination with 

40 one another. Examples of film-forming latex polymers useful in forming films include polyethylene, polyurethane. polysi- 
loxane, polybutadiene. copolymers ,of butadiene and styrene: homopdiymers and copolymers oV. CyC^ acrylates and 
methacrytates; halogenated^CrCao acrylates and methacrylates; aryl acrylates and metfiacrylates; hydroxy ethyl acr- 
ylate and methaorylate; hydroxypropyl methacrylate; hydroxypropyl acrylate; vinyl ethers; vinyl halides; vinyfidene hali- 
des. fluorocaitxjns. hydroxy-methacryloxy-propyl 2-benzoytbenzoate and mixtures thereof. Examples of water solutile 

45 polymers indude polyvinyl alcohol, polyrN-vinyl pyrrolidone. cartxjxymethytcellulose, gelatin, hydroxyettiylcellulose, 
partially saponified polyvinyl acetate, polyacrylamide, polyethylene oxide, polyethyleneimine. polyvinylalkyi ethers, 
polyacrylic acid copolymers of pdyacrylic add; polyethylene glycol, sodium polystrenesulfonate. Preferred water solu- 
ble polymers are polyvinyl alcohol and poly-N-vinyl pyrrolidone. 

Several techniques are useful in forming films from the partides formed by the method of the present invention. 

so These techniques are known in the art. and include curing with ultraviolet (UV) radiation. When UV curing is used, pho- 
tosensitizing agents are typically enrployed. 

A film may be formed from a dispersion or suspension of the particles. The dispersion or suspension may contain, 
in addition to the partides. one or more of the following: ¥«ater soluble polynrter. latex film-forming polymers, additional 
liquid crystal, and additives such as crosslinking agents. Cross-linking may be accomplished by the methods described 

55 hereinabove, and using the crosslinking agents descrtoed hereinabove. The dispersion or suspenswn may be spread 
on an indium tin oxide (ITO) or other suitable electrode coated substrate surface. Two ITO surfaces may be coated and 
forced together, preferably under vacuum, to compress the partides and form a film. Coating of the ITO surfaces may 
be accomplished by methods known in the art. such as spin-coating and Doctor blade application. 
. The liquid crystal particles formed by the method of the presem invention may have polyhedral shapes in films. 
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which reduces or eliminates interstitial space between particles in the film and provides for improved light scattering in 
the off state o1 a PDLC' device, as c£scussed hereinabove. One method for obtaining polyhedral shapes is by heating, 
then cooling, a film formed from the particles. Optionally, pressure may be applied, and under some conditions, heating 
may not be necessary. It is believed that the heating allows the particles to swell, and brings the polymeric shells of the 

£ parttdes into contact, said contact remaining after the film is cooled. This forms a polymeric matrix around the polyhe- 
dral shaped particles. A crosslinking agent may t>e added before, during, or after the heating process, to effect 
crosslinking. Any of the crosstinkirrg methods described herein for crosslinking the polymer shell may be used In 
crosslinking in a film. There may also be present water solut>le polymer, latex film-forming polymers, or additional liquid 
crystal, as described hereinabove, tf these additional components are present in excessive quantities, shapes other 

10 than polyhedral shapes, such as spheres or distorted spheres, may result. Polyhedral shapes may be obtained without 
heating when the particles have a shell which is sufficiently pliable under ambient conditions. 

Alternatively, a film may be formed from the particles in powder form. To obtain a powder, a dispersbn or suspen* 
sion is dried to leave the particles. Two plates formed of, for example, glass or plastic, are each coated on one surface 
with a conductive material. The preferred conductive material is ITO. The powder Is then placed on one or both coated 

IS surfaces.- A vacuum is applied as the plates are brought into contact with the powder between them. Mechanical pres- 
sure may then be applied. Sufficient mechanical pressure may be applied to obtain the polyhedral shapes discussed 
hereinabove. The shape of the particles may be observed under a microscope whttis pressure is applied. 

In another embodiment, a film nnay be formed from liquid crystal droplets obtained by the method of the present 
invention. These liquid crystal droplets may contain higher levels of seed material although the droplets preferably con- 

20 tain from atxHit 0. 1 percent to about 1 5 percent seed material. To form a film from the tiqiiid crystal droplets, the droplets 
are mixed with a film forming latex emulsion or a water soluble polymer, as discussed her einat)ove. 

Optionally organic dyes may be incorporated into the liquid aystal domains of the present invention. A dye may be 
added, tor example, by dissolving the dye in the liquid aystal so that the dye wilt be transported along with the liqukj 
crystal. Alternatively, the dye may be added separately or may be dissolved in a morK^er or solvent. Examples of dyes 

25 include pleochroic dyes such as, for example. Oil Blue N. Sudan black B. Sudan 3. Sudan 2, iridophenol blue, D-37 (E. 
Merck). 0-43. 0-85: and non-pleochroic dyes, such as. for example, water soluble dyes, food coloring dyes, and clotii 
or fabric dyes. Specific examples of non-pleochroic dyes include FO&C dyes and other dyes listed in U.S. Patent 
4,662.720. Typically, a dye is incorporated at a level of 0.5 percent to 6 percent by weight of the crystal material. 

Polymer particles of the present invention containing liquid crystal domains, or containing another organic liquid as 

30 desaibed herein, may be combined with liquid crystal material, preferably the same liquid crystal which is contained 
within the particles, to form a mixture. There may be present in the liquid crystal additives such as dispersants or thick- 
eners. The mixture may then be used to form a film or fill a display device as described atxTve. 

Because the method of the present invention produces particles of uniform size, the method may be used to form 
a mixture of particles of selected sizes. This may be done, for example, by using the method to produce separate 

35 batches of partides having desired particle sizes, and combirting the differently sized particles together in the desired 
proportions. This provides a mixture of discrete particle sizes, and allows for the exclusion of particular sizes. One appli- 
cation of the ability to form a mixture of particles having selected sizes is in forming a film which has several switching 
voltages that increase in discrete steps rather than continuously This capat^ilrty is useful in applications such as active 
matrix display or with enhanced grayscale. Particles of the same or different sizes, and having different seed or shell 

<o compositions, or swelled with different materials, may be combined. 

Figure 1. Scanning electron microscopy (SEM) photograph displaying the liquid crystal filled polymer particles pre- 
pared in Example 3. The partides are magnified 2.500 X. The particles have a polydispersity of 1 .005. 

FjqureZ. SEM photograph displaying the liquid crystal filled polymer particles prepared in Example 4. Magnification 
is 1,000 X. The particles have a polydispersity of 1.031. . ; . . 

45 Figure 3. SEM photogrash of the film pr^ared in Example 7. which has been fractured and dipped in hexane to 
remove the Tquid crystal from the particles. Magnification is 1 ,000 X. : : . 

Figure 4. SEM photograph of the film prepared in Example 7. which has been fractured and dipped in hexane to 
renru>ve the liquid crystal from the particles and then dipped in water, in order to observe the polymer shell as distinct 
from the film nnatrix. Magnification is 2,500 X. 

£0 Figure 5. Percerrt transmission versus voltage curve for the film of Example 8. 
Figure 6. Percerrt transmission versus voltage curve for the film of Example 9. 

Figure 7. Percent transmission versus vottage curve for PDLC films formed from particles with wide partide size 
distributior^ and narrow particle size distributions. Nrnax ^ the film fornied from partides with wide a distribution is 1 .6 
and Hfrxax ^^r the film formed from partides with a narrow ditribution is 6.3. 
S5 Figure 8. Percent transmission versus voltage curve for the film of Example 1 0. 

Figure 9. Percent transmission versus voltage curve for the film of Exanple 1 1. 
The fdlowing abbreviations are used in the exanrples and specifications. 

LC Liquid crystal 
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E7 


Merck liquid aystat mixture 


ITO 


Indium Tm Oxide 


TL205 


Merck liquid crystal mixture (f luorinated type) 


CD 


Methyl beta-cydodextrin 


BA 


Butyt aaylate 


Bd 


Butadiene 


MMA 


Methyl methacrylate 


MAA 


Methacryl ic acid 


EA 


Ethyl acrylate 


HEMA 


Hydroxyethyl methacrylate 


Sty 


Styrene 


NaDDBS 


Sodium dodecylbenzene sulfonate 


DOSS 


Dioctyl sulfosuccinate . 


t-BPO 


tert-Butyl peroctoate 


EtOAc 


Ethyl ac^te 


EtOH 


Ethyl alcohol 


MOC 


Methylene chloride (CH2CI2) 


SEM 


Scanning electron microscope or scanning electron microscopy 


PVOH 


Paly(vinyi alcohol) 


Dl 


deionized 


rms 


root mean square 



All units are measured in parts by weight unless otherwise designated. 

The following examples are provided as an illustration of the present invention. 

Ex a m ple 1 

Preparation of droplets containing liquid crystal 

In a Waring® blender 100 parts of Merck E7 liquid crystal. 900 parts of methylene chloride. 33 parts of sodium 
dodecylbenzene sulfonate (NaDDBS) (10% solution in water). 335 parts of deionized water, and 39 parts of methyl 
betacydodextrin (50.8% solution in water; available from Wacker Company), were emulsified at very high shear for 5 
minutes. Optical microscopy at 500X displayed emulsified LC droplets having diameters in the range of approximately 
1 to 2 microns. 

To the emulsified LC mixture were added 28 parts of an emulsion latex (5.00% by weight: BA/styrene/hexanethiol. 
82/18/19; weight average molecular weight 2000; 0,562 micron particle size). The rrtixture was then subjected.to miW 
agitation for 16 hours at room temperature. The connbined emulsion was then viewed under an optical microscope at 
500X. Uniformly sized particles of 4.5 microns diameter were oksserved. 

The emulsion was then heated to remove the methylene chlorkle. Microscopic examinatran at 500X revealed 
smaller particle droplets which were essentially pure LC as evidenced by the presence of a 'Maltese cross' pattern on 
the droplets under polarized light The presence of a Maltese cross pattern is known in the art to indicate the presence 
of liquid crystal. The partide. size was 2. 1 miaons. 

Formation of films 

Polymer dispersed liquid aystal films of the emulsified liquid crystal droplets were prepared after mixing ^e sample 
into a suitak>le latex binder. 

In one process to form a film, 1 66 parts of an emulsion binder latex (50/50 by weight BA/Sty ; 30% polymer in water) 
was added to the sample and a film was prepared by evaporation of the water at room temperature. Microscopic exam- 
ination of the dry film at 500X revealed LC particle droplets within the polymer matrix. The LC droplet particles were 
uniformly sized and spherical, and exhibit a Maltese cross pattern under polarized light. 

Another film was obtained by nrdxing the LC emulsion with 166 parts of a butadiene/styrene copolymer emulsion 
(70/30 by weight polybutadiene/polystyrene. 30% polymer in water). 

Example 2 

Preparation of liquid crystal filled polymer particles 

In a Waring® blender 333 parts of Merck E7 liquid crystal. 167 parts of monomer solution (154 parts MMA. 8.3 



14 

: <EP ^07e9S44A1J_> 




EP 0 769 544 'A1 

parts EA. 4.2 parts MAA. and 5.8 parts l-BPO). 2.3 parts oJ DOSS (75% solution in water/EtOH). 198 parts of deionized 
water, and 19.9 parts of methyl beta-cyctodextrin (50.8% solution in water), were emulsified at very high shear for 5 min- 
utes. Optical microscopy at 500X revealed emulsified LC droplets having diameters within the range of approximately 
1 to 2 microns. 

5 To the enrujisified LC mixture, 14.4 parts of an emulsion latex were added (5,00% by weight; BA/styrene/hex- 
anethiot. 82/18/19 as used in Example 1). The mixture was then subjected to mild agitation for 24 hours at room tem- 
perature. A sample was then viewed under the microscope at 500X. Uniformly sized particles of 4.5 microns were 
observed. 

The mixture, which is 30% water, was diluted to 80% water by weight. The reaction mixture was added to a sealed 
w pressure tube and subjected to mild agitation in a hot water bath at SS** C for 1 hour. Ammonia solution, to resutt in1 .7 
molar equivalents t)ased on the MAA. was added by syringe to the mixture at SS"* C. After a 30 minute hold the' mixture 
was cooled and sampled for optical microscopy. The mixture was then dried and a sample of the dried material was 
examined by scanning electron microscopy (SEM). Uniformly sized particles of 4.5 microns diameter were otjserved. 

'5 Example 3 

Preoaration of liquid crystal filled polymer particles 

In a Waring® blender 333 parts of Merck E7 liquid crystal. 167 parts of monomer solution (154 parts MM A, 8.3 
20 parts EA, 4.2 parts MAA, and 5.8 parts of t-BPO). 2.3 parts of DOSS (75% solution in water/EtOH). 98.9 parts of deion- 
ized water, and 19.9 parts of methyl beta-cydodextrin (50.8% solution in water), Wacker Company, were emulsified at 
very high shear for 5 minutes. Optical microscopy at 500X revealed emulsified LC droplets with diameters within the 
range of approximately 1 to 2 microns. 

To the emulsified LC mixture. 1 13.5 parts of an emulsion latex (10.00% by weight. BA/sty/hexanethiol. 82/18/19 as 
25 used in Example 1 ). The emulsion mixture was then subjected to mild agitation for 24 hours at room temperature. The 
mixture was then viewed under the microscope at 500X, Uniformly sized particles of 2 microns were observed. 

The above mixture, which was 30% water, was diluted to 80% water by weighL The reaction mixture was added to 
a sealed pressure tube and subjected to mild agitation in a hot water t>ath at 85** C ton 1 hour and then an additional 1 
hour at 95'' C. Amnrwnia solution, to produce 1 .7 molar equivalents based on the MAA was added by syringe to the mix- 
30 ture at 85' C. After a 30 minute hold the mixture was cooled and sampled for optical microscopy. The sample was then 
dried and examined by SEM as depicted in Figure 1. Uniformly sized particles of 2,0 niiaons diameter were observed. 
The polydispersity was 1 .005. 

Exam ple 4 

35 

Preparation of liquid crystal filled polymer particles 

In a Waring® blender. 167 parts of TL205 liquid crystal (E-MercK). 333 parts of ethyl acetate, 2.3 parts of DOSS 
(75% solution in water/EtOH), 98.9 parts of deionized water, and 19.9 parts of methyl beta-cydodextrin (50.8% by 
40 weight) solution in water), were emulsified at very high shear for 5 minutes. Optical microscopy at 500X revealed enwl- 
srfied LC droplets having c£ameters within the range of approximately 1 to 2 microns. 

To the emulsified LC^mixture. 113.5 parts of an emulsion latex (10.00% by weight 0.562 micron partide size: 
BA/sty/hexanethlo(, 82/18/19). The mixture was then subjected to mild agitation for 30 minutes at 85'' C. A sample was 
then viewed under the microscope at 500X. Uniformly sized particles were observed. The ethyl acetate was removed 
45 by heating the sample and butsbling nitrogen through the mixture. 

Formation of polvmer shell 

83.33 parts of monomer solution (154 parts MMA, 8.3 parts EA. 4.2 parts MAA. and 5.8 parts of t-BPO) were enroil- 
£0 sHied with 0.38 parts of. DOSS (75% solution in water/EtOH). and 83 parts of deionized water. This emulsion was added 
to the LC emulsion from above. WHHn 5 minutes the monomer was incorporated into the LC droplets, as evidenced by 
the disppearance of the monomer emulsion. (The monomer emulsion had droplets having a wide distritxition of sizes. 
. whereas the LC drc^ets were unifornnly sized). 

The above mixture was diluted with water to 80% water by weight. The mixture was added to a sealed pressure 
55 tube and subjected to mikj agitation in a hot water bath at 85° C for 1 hour and then an additional 1 hour at 95° C. 
Ammonia solution, to produce 1 .7 nnotar equivalents based on the MAA. was added by syringe to the mixture at 85'' C. 
After a 30 minute hold the mixture was cooled and dried and examined by SEM as depicted in Figure 2. Uniformly sized 
particles having diameters of 1 .5 microns were observed. Polydispersity was 1 .031 . 
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Example 5 . . 

Preparation of liquid crystal filled polymer particles 

5 In a Waring^ blender 167 parts of E7 liquid crystal (E-Merck). 333 parts of ethyl acetate. 2.3 parts of DOSS. (75% 

solution in water/EtOH). 385 parts of deionized water, were emulsified at very hi^ shear for 5 minutes. OpticcU micro- 
scopy at 500X revealed emulsified LC droplets having diameters within the range of approximately 1 to 2 microns. 1 1 3.4 
parts of an emulsion latex (10.00% by weight. BA/sty/hexanthiol. 82/18/19 as used in Example 1) were added to the 
emulsified LC mixture. The mixture was then subjected to mild agitation for 60 minutes at 85 ''C. The mixture was then 

10 viewed under the miaoscope at 500X. Uniformly sized partdes having dianneters of 2 microns were observed. 

Formation of Polymer shell 

The ethyl acetate was renxjved by heating the sample 75 and bubbling nitrogen through the sample. 83.33 parts 
15 of nrwnomer solution (154 parts MMA, 8.3 parts EA, 4.2 parts MAA. and 5.8 parts of I BPO) were enujlsified with 0.38 
parts of DOSS (75% solution in water/EtOH), and 83 parts of deionized water. This mixture was added to the LC emul- 
sion from above. Within several 1 5 minutes the. monomer was incorporated into the LC droplets. 

The above mixture was diluted to 80% water by weight. The mixture was then added to a sealed pressure tube and 
subjected to mild agitation in a hot water bath at 85* C for 1 hour and then an.additional 1 hour at 95 C. Amnronia solu- 
20 ton, to produce 1.7 molar equivalents based on the MAA. was added by syringe to the mixture at 85 'C. ASter a 30 
nrHnute hold the sample was cooled and dried. A sample was dried and examined by SEM, Uniformly sized particles 
having diameters of 1 .5 microns were observed. Polydispersity was 1 .004. 

Example 6 

25 

Preparation of liquid crystal filled polvmer particl es and a switchable PDLC film. 
a^ Preparation of imiformly sized dro plets of liquid crystal 

30 To a Waring® blender were added 167 parts of TL205 liquid crystal (E-Merck). 333 parts of ethyl acetate, 2.3 parts of 
DOSS (75% solution in water/EtOH). 98.9 parts of Dl water, and 19.9 parts of methyl beta-cyclodextrin (50.8% by 
weight solution in water), Wacker Company, and emulsified at very high shear for 5 minutes. Optical microscopy at 500X 
showed emulsified LC droplets in the range of 1 to 2 microns, with the majority of approximately 1 to 2 microns. To the 
emulsified LC mixture 113.5 parts of an emulsion latex (10.00% by weight, 0.562 micron particle size: BA/sty/hex- 

35 anettTiol. 82/18/19), were added. The mixture was then suljjected to mild agitation for 60 minutes at 85 '*C. Uniformly 
sized particles were observed under an optical miaoscope at 500X. The ethyl acetate was removed by heating and 
bubbling nitrogen through the mixture. 

b) Preparation of polvmer shell 

40 

83.33 parts of monomer solution (88.09 parts MMA. 57.61 parts styrene, 16.65 parts HEMA, 4.16 parts MAA. and 
5.8 parts of t-BRO) were erpulsified with 0.38 parts of DOSS (75% solution in water/EtOH). and 83 parts of Dl Water. 
This mixture was added to the liquid crystal emulsion from above. In 15 minutes the monomer was incorporated into the 
LC droplets. 

45 The emulsion mixture was diluted to 80% water by weight. The mixture was then added to a sealed pressure tii^e 
and subjected to nrtiW agitation in a hot water bath at 85" C for 1 hour and then an additional 1 hour at 95 "C. The reac- 
tion tube was cooled to 70 *C and amnronia solution, (to produce 1 . 7 molar equivalents of ammonia based on the MAA) , 
was added via a syringe to the nrtixture. After a 30 minute hold the emulsion was cooled. The entulsion was then dried 
and examined by SEM microscopy. The particle size was 1 .5 microns. The polymer shell had a theoretical refractive 

so index of 1 .527, based on its composition, and was designed to match the ordinary refractive irxJex of the liquid crystals. 
Theoretical refractive irtdex for a copolymer is the weighted average refractive index for each nfv>nomer conrponent. 
and is calculated by: 

h = X + X2R2 + X3R3 + ... 4-XjRi 

55 

where x^ is the weight fraction of the homopolymer of monomer 1 . and R^ is the refractive index of the homopolymer of 
monomer 1 , etc., and i is the total number of morwmers. 
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PDLC Film Formation 

The partide emulsion from step (b) was hand blended at 25 ""C with a 10% (based on weight) aqueous solution of 
poly vinyl alcohol (PVOH) (Air Products Co.. Product code 321). The weight ratio of dried particles to dry PVOH was 

5 calculated to be 1 :1. The refractive index of a dry film of this PVOH is about 1.52. The mixture was applied to an ITO- 
coated glass substrate (Donnelly Applied Films Ca) using a Doctor blade. The film was dried overnight in a vacuum 
oven at 25 'C. to form a PVOH/Jaarticle film. The thickness of the dried film was 50 microns. A 20 micron ifilm of fslOASS 
optical adhesive (Norland Optical Co.) was applied to the surface of the PVOH/partide film followed by a top piece of 
ITO coated glass. The adhesive was cured using ultraviolet radiation of 365 nm wavelength and an intensity of 10 

10 mW/cm^ for 5 minutes. A voltage was applied to the film using a variac to control the applied voltage. The film switched 
from opaque to clear at at>out 70 volts indicating a swttchir^ voltage of at>out 1 volt per micron of sample thickness. 

Example 7 

15 SEM Examination of Fractured Film 

The film formed in Example 6 was fractured in liquid nitrogen for SEM examination of a cross-section of the film. 
The fractured specimen was dipped into hexane to extract liquid aystal from the broken particles. SEM photographs 
revealed uniformly sized cavities previously occupied by the liquid crystal as depicted iri Figure 3. The distinction 
20 between the shell polymer and PVOH matrix can be ot^served by exposing the fractured film briefly to water. SEM pho- 
tos then exhibit distinct partide shell in the areas where the water has etched away the PVOH film as depicted in Figure 
4. 

Example 8 

25 

Preparation of liquid crystal filled oolvmer particles and a switchable PDLC characterized as having high hvstersis 

a) Primary Swelling 

30 167 parts of TL20S liquid crystal (E-Merck), 333 parts of ethyl acetate. 2.3 parts of DOSS (75% solution in 
water/EtOH), 98.9 parts of Dl water, and 19.9 parts of methyl beta-cyclodextrin (50.8% solution in warter). Wacker Com- 
pany, were added to a Waring® blender arri were emulsified at very high shear for 5 minutes. Optical microscopy at 
500X sfiows emulsified LC/sotvent droplets In the range of approximately 1 to 2 microns. 41 1 parts of polymer emulsion 
latex (10.00% polymer by weight, 0.319 micron particle size, composition is poly(BA/sty/hexanethiol). 82/18/19) were 

35 added to the emulsified LC mixture. The santple was tiien subjected to mild agitation for 120 minutes at 85 C. The sam- 
ple was then viewed under the microscope at SOOX - the particle size droplets were extremely uniform. The ethyl ace- 
tate was removed by heating the sample to 75 C and bubbling nitrogen through the sample. 

b) Monomer Swelling 

40 

55.67 parts of monomer solution (34.79 parts MMA. 8.35 parts Styrehe, 11.13 parts HEM A, 1.38 parts tAAA, and 
1.95 parts of t-BPO) were, emulsified with 0.25 parts of DOSS (75% solution in water/EtOH). and 56 parts of Dl water. 
This mixture was added to the LC emulsion from above. In several minutes the mbiiomer was incorporated into the uni- 
form LC droplets. 

45 . • - . 

c) Polymerization 

The above mixture was diluted to 80% water by weight The reaction mixtuire was added to a sealed pi'essure tube 
and subjected to mild agitation in a hot water bath at 85 C for 1 hour and then an additional 1 hour at 95 C. The reaction 
50 tube was cooled to 25 C in annbient air. The sample was then dried and examined by SEM microscopy. The particle size 
diameter was 1 .25 microns. 

d) PDLC Film Preparation 

55 The 20% by weight (particles) particle emulsion was mixed at 25 C with an emulsion polymer latex (composition is 
poly(2-EHA/Styrene/HEMA/MAA) = 52/25/20/0.5). The ratio of dried particles to dry binder was 1:1 based on weight. 7 
grams of lRN-1 50, mixed bed deionizing ion exchange beads available from the Rohm and Haas Company, were then 
added. The IRN beads remove ionics. The deionizatton was nnonitored with a conductivity probe. Initially the reading 
was off scale (>200 ppm). After about 30 minutes the reading was about 100 micromhos, corresponding to <100 ppm 
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total ionics. The sample was then filtered through a burette packed with fine glass wool, and then through a 20 micron 
stainless steel screen. The sample was degassed under vacuum. The sample emulsion which is about 28% (based on 
weight) non-volatile was drawn down on a 14 inch x 5 inch x 1.1 millimeter ITO coated glass substrate using a 4 inch 
doctor blade (Gardner type), at a gap setting of 0.051 nrdlluneters. which was set with a feeleir gauge. The sanrple was 

5 placed in a vacuum oven overnight at 25 C. The dry film weight was calculated to be 1 8 microns. The density of the film 
was atxxjt 1 g/cm^. The next day, after further storage in a vacuum. 2 inch x 3 inch samples were cut for POLC device 
fabrication. ITO coated Mylar^ was used as the top substrate. The top piece was laminated by har^ using a roller. The 
device was then sealed all around the perimeter of the device using.melted paraffin wax (nnpsSG C). 

The sample was then tested (or swrtching voltage using a HeNe laser and detection device. The beam was norn^- 

10 ize to read 1 00% transmission through air. The percent transmission versus voltage data were collected for the beam 
perpendicular to the PDLC plane. The percent transmission versus voltage curve is shown in Rgure 5, The percent 
transmission was measured versus air.. The hysteresis is 86.4%. 

Example 9 

ts 

Prgparation of liquid crystal f nied oolvmer particles with a wide particle si ze distribution and a switchabte PDLC 

a) Emulsffied LC/monomer mixture 

20 167 parts of TL205 liquid crystal (E-Merck), 22.8 parts of water free emulsion latex (poly(BA/sty/hexanethiol, 
82/18/19)). 55.67 parts of monomer solution (34.79 parts MM A, 8.35 parts Styrene. 11.13 parts HEMA. 1.38 parts 
MAA. and 1 .95 parts of t-BPO) 2.6 parts of DOSS (75% solution in water/EtOH), 154 parts of Dl water, and 19.9 parts 
of methyl beta-cyclodextrin (50.8% solution in water). Wacker Contpany. were added to a Waring® blender and were 
emulsified at very high shear for 5 minutes. Optical microscopy at 500X shows emulsified LC/solvent droplets in the 

25 range of approximately 1 to 2 microns. 

b) PQlypneri^atipn 

The above mixture vras diluted to 80% water by weight. The reaction mixture was added to a sealed pressure tut>e 
30 and subjected to mild agitation in a hot water bath at 85 C for 1 hour and then an additional 1 hour at 95 C. The reaction 
tube was cooled to 25 C in ancient ar. The sanple was then dried and examined by SEM microscopy The particle size 
was very broad and ranges from 1 to 20 microns in diameter. Cryofractured particles revealed a tiquid-core/|Mlymer- 
shell morphology. 

3S d\ PDLC Film Preparation 

The 20% by weight particle enrulsion were mixed at 25 C with an emulsion polynrter film-forming latex (poly(2- 
EHA/Styrene/HEMA/MAA), 52/25/20/0.5). The ratio of dried particles to dry binder was 1 :1 by weight. 7 grams of IRN- 
150, mixed bed deionizing ion exchange beads from Rohm and Haas, were then added. The IRN beads remove ionics. 

40 The deionization was monitored with a conductivity probe. Initially the reading was off scale {>200 ppm). After about 30 
minutes the reading was about 100 miaomhos. corresponding to <100 ppm total ionics. The sample was then filtered 
through a burette packed with fine glass wool, and then through a 20 micron stainless steel screen. The sample was 
degassed under vacuum. The sample emulsion was drawn down on a 14 inch x 5 inch x 1 .1 millimeter ITO coated glass 
substrate using a 4 inch doctor blade (Gardner type), at a gap setting of 0.051 millimeters, which was set with a feeler 

45 gauge. 

The sample was placed in a vacuum oven overnight at 25 C. The dry filrn weigN was calculated to be 34 microns. 
The film was atx)ut 1 g/cm^. The next day, after further storage in a vacuum, 2 inch x 3 inch samples were cut for PDLC 
device fabrication. ITO coated Mylar was used as the top substrate. The top piece was laminated by hand using a roller. 
The device was then sealed aO around the perimeter of the device using melted paraffin wax (mp=56 C). 
so The sample was then tested for switching voltage using a HeNe laser and detection device. The beam was normal- 
ize to read 100% transmission through air. The percent transrrdssion versus voltage data were collected for the beam 
pe-pendicular to the PDLC plane. The percent transmission vs voltage curve is shown in Figure 7. Figure 6 corrpares 
the pa-cent transmission versus voltage curves for the film prepared from partides in Exannple 9 (wide partide size dis- 
tribuition) and Example 10 (narrow particle size distribution). The percent transmission was measured versus air 

55 
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Example 10 

Preparation of liquid crystal filled DOlvmer particles and a switchabie PDLC characterized as having tow hvstefsis 
5 a> Primary Swelling 

167 parts of TL205 (E-Merck) liquid crystal. 333 parts of ethyl acetate, 2.3 parts of DOSS (75% solution in 
water/EtOH), 98.9 parts of Dl water, and 19.9 parts of methyl beta-cyclodextrin (50.8% solution in water], Wacker Com- 
pany, were added to a Waring® blender and were emulsified at very high shear for 5 nninutes.. Optical microscopy at 
10 500X showed ennulsrf ied LC/sotvent droplets in the range of approximately 1 to 2 microns. 227.7 parts of polymer enrul- 
sion latex (10.00% polymer by weight, 0.562 micron particle size. poly(BA/sty/hexanethiol), 82/18/19). was added to the 
emulsified LC mixture. The sample was then subjected to noiU agitation for 120 minutes at 85 C. The sample was then 
viewed under the microscope at SOOX- the particle size droplets were extremely uniform. The ethyl acetate was 
removed by heating the sample to 75 C and bubbling nitrogen through the sanrple. 

15 

b) Mgnqm^r Swelling 

55.67 parts of monomer solution (34.79 parts MMA, 8.35 parts Slyrene, 1 1.13 parts HEf^A. 1.38 parts MAA, and 
1 .95 parts of t-BPO) were emulsified with 0.25 parts of DOSS (75% solubon in waler/EtOH). and 56 parts of Dl Water. 
20 This mixture was added to the LC emulsion from above. In several minutes the morK)mer was incorporated into the uni- 
form LC droplets. . 

c) Ppiymefization 

25 The above mixture was diluted to 80% water based on weight.. The reaction mixture was added to a seated pres- 
sure tube and subjected to mild agitation in a hot water bath at 85 C for 1 hour and then an additional 1 hour at 95 C. 
The reaction tube was cooled to 25 C in ambient air. The sample was then dried arxJ examined by SEM microscopy. 
The particle size diameter was 1 .25 microns. 

30 6\ PDLC Film Preparation 

The 20% by weight (particles) particle emulsion was mixed at 25 C with an emulsion film-forming polymer latex 
(poly(2-EHA/Styrene/HEMA/MAA). 52/25/20/0.5). The weight ratio of dried particles to dry binder was 1:1. 7 grams of 
IRN-150 (a mixed bed deionizing ion exchange beads available from Rohm and Haas) were then added. The IRN 

35 beads remove ionics. The deionization was monitored with a conductivity probe. Initially the reading was off scale (>200 
ppm). After about 30 minutes the reading was about lOOmicromhos. corresponding to <100 ppm total ionics. The sam- 
ple was then filtered through a burette packed with fine glass wool, and then through a 20 miaon stainless steel screen. 
The sanple was degassed under vacuum. The sample emulsion was drawn down on a 1 4 Inch x 5 inch x 1 . 1 millimeter 
ITO coated glass substrate using a 4 inch doctor blade (Gaixfrier type), at a gap setting of 0:051 milUmeters, which was 

40 set with a feeler gauge. The sanr\ple was placed in a vacuum oven overnigfit at 25 C. The dry film weight was calculated 
to be 22 microns. The density of the film was about 1 ig/cm^. The next day, after further storage in a vacuum. 2 inch x 3 
inch samples were cut for/DLC device fabrication. ITO coated Mylar was used as the top substrate. The top piece was 
laminated by hand using a roller. The device was then sealed all around the perimeter of the device using melted par- 
affin wax (mp=56 C). 

45 The sample was then tested for switching voltage using a HeNe laser and detection device. The beam was normal- 
ize to read 100% transmission through air. The percent transmission versus voltage data were collected for the beam 
perpendicular to the PDLC plane. The percent transmission versus voltage curve is shown in Figure 8. The percent 
transmission was measured versus air. The hysteresis is 1 .3%. 

so Example 1 1 

Preparation of liquid crystal fflled polvmer particles and a switchable PDLC film 
a) Primary Swelling 

55 

167 parts of TL205 (E-Merck) liquid crystal, 333 parts of ethyl acetate, 2.3 parts of DOSS (75% solution in 
water/EtOH). 98.9 parts of Dl water, and 19.9 parts of methyl beta-cyclodextrin (50.8% solution in water). Wacker Com- 
pany, were added to a Waring® blender and were enruilsif ied at very high shear for 5 minutes. Optical miCTOscopy at 
SOOX showed emulsified LC/solvent droplets in the range of approximately 1 to 2 microns. 227.7 parts of polymer emul- 
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sion latex (10.00% polymer by weight. 0.562 micron particle size. (poly(8A/sty/hexanethiol), 82/18/19). was added to 
the emulsified LC mixture. The sample was then subjected to ntild agitation for 120 minutes at 85 C. The sample was 
then viewed under the microscope at 500X - the partide size droplets were extremely uniform. The ethyl acetate was 
renrKJved by heating the sample to 75 C and bubbling nitrogen through the sample. 

5 

b) Monomer Swellina 

55.67 parts of monomer solution (38.30 parts MMA, 4.84 parts Styrene, 1 1.13 parts HEMA, 1.38 parts MAA. and 
1 .95 parts of t-BPO) were emulsified with 0.25 parts of. DOSS (75% solution in water/EtOH). and 56 parts of Dl Water. 
10 This mixture was added to the LC emulsion from above. In several minutes the monomer was incorporated into the uni- 
form LC droplets. 

c> Polymerization 

15 The above mixture was diluted to 80% water by weight The reaction mixture was added to a sealed pressure tube 
and subjected to mild agitation in a hot water bath at 85 C for 1 hour and then an additional 1 hour at 95 C. The reaction 
tube was cooled to 25 C in ambient air. The sanaple was th^ dried and examined by SEM microscopy. The particle size 
was 1.25 microns. The polymer shell composition had a theoretical refractive index of 1.503. solubility studies have 
shown the absorbed LC in the shell to be 25% (by weight). The Rl of the shell including the absorbed LC was 1 .527 and 

20 was designed to match the ordinary refractive index of the liquid aystals. 

d) Saturation of binder latex with liquid crvstal 

50 parts of TL205 (E-I^erck) liquid crystal, 0.5 parts of DOSS (75% solution in water/EtOH). 47.5 parts of 01 water. 

25 and 2 parts of methyl beta-cydodextrin (50.8% solution in water). Wacker Company, were added to a Waring® blender 
and were emulsKied at very high shear for 5 minutes. Optical microscopy at 500X showed emulsified LC droplets in the 
range of 1 to 2 microns, with the majority of droplets less than 1 micron. 3.19 parts of polymer emulsion latex (47% pol- 
ymer by weight emulsion film-forming polymer latex poly(2-EHA/Styrene/HEMA/MAA). 52/25/20A).5). was added to the 
emulsified LC mixture. The sample was then subjected to mild agitation for 120 minutes at 85 C. The sample was then 

30 viewed under the miaoscope at 500X for the absence of nematic LC. A film of the mmte was clear and had the correct 
refractive index based on 25% by weight absorbed LC in the polymer. 

e^ PDLC Film Preparation 

35 The 20% by weight (particles) particle emulsion was mixed at 25 C with an emulsion film-forming polymer latex 
(poly(2-EHA/Styrene/HEiy/1A/MAA). 52/25/20/0.5) which had been presaturated with 25% by weight TL205 LC. The 
weight ratio of dried particles to dry binder was 1:1. 7 grams of IRN-150. (Rohm and Haas mixed bed deionizing ion 
exchange beads) were then added. The IRN beads remove ionics. The deionization was monitored with a conductivity 
probe. Initially the reading was off scale (>200 ppm). Mer about 30 minutes the reading was about lOOmicromhos. cor- 

40 responding to <100 ppm total ionics. The sanrple was then tittered through a burette packed with fine glass wool, and 
then through a 20 micron stainless steel screen. The sample was degassed under vacuum. The sample emulsion which 
was about 28% by weight nog-volatile was drawn down on a 1 4 inch x 5 inch x 1 . 1 ntillimeter ITO coated glass substrate 
using a 4 inch doctor blade (Gardner type), at a gap setting of 0.051 millimeters, which was set with a feeler gauge. The 
sample was placed in a vacuum oven overnight at 25 C. The dry film weight was calculated to be 54 microns. The den- 

45 sity of the film was about 1 g/cm^. The next day, after further storage in a vacuum. 2 inch x 3 inch samples were cut for 
PDLC device fabrication. ITO coated Mylar was used as the top substrate. The top piece was laminated by hand using 
a roller. The device was then sealed all around the perimeter of the device using melted paraffin wax (mp=56 C). 

The sample was then tested for switching voltage using a HeNe laser and detection device. The applied voltage 
was sine wave at 1000 hertz. Data were collected every 0.1 volts. The beam was normalize to read 100% transmission 

50 through air. The transmission versus voltage data were collected for the beam perpendicular to the PDLC plane. The 
^max values as a function of on and off voltage were shown in the following table. The electro-optical data are given in 
Figure 9 showing the percent transmission versus voltage. The percent transmission was measured versus air. 
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Nmax 3S a function of different Vqn and Vqff 


% Transmission'^ Values for 
Von and Vqff 


Von. Voff (volts) 


Calculated 


Von(%) 


Voff(%) 






10 


90 


18.2. 25.4 


9.7 


15 


85 


18.9. 24.5 


15-S 


20 


80 


19.4,23.9 


23.6 



t The % transition in transparency from the film's most opaque state to its 
most transparem state. 



IS 



Example 12 

20 EncaQSulation of Biocide (SeaNine 21 1 Available From Rohm and Haas Co.^ 

a) Primyy Syvelling 

133.6 parts of dioctylphthalate. 33.4 parts of RH-25.287 biocide (SeaNine 211. Rohm and Haas Co.). 333 parts of 
25 ethyl acetate. 2.3 parts of DOSS (75% solution in water/EtOH), 98,9 parts of Dl water, and 19.9 parts of methyl beta- 
cyclodextrin (50.8% by weight solution in water). Wacker Company, were added to a Waring® blender and were emul- 
sified at very high shear for 5 ntinutes. 0|:^ical miaoscopy at 500X sNwed emulsified solvent droplets in the range of 
approximately 1 to 2 miaons. 1 13.5 parts of polymer emulsion latex (10.00% polymer by weight, 0.562 micron particle 
size. poiy(BA/sty/hexanethiol). 82/18/19). was added to the emulsified LC mixture. The sample was then subjected to 
30 mild agitation for 120 minutes at 85 C. The sample was then viewed under the microscope at 500X - the particle size 
droplets were extremely uniform. The ethyl acetate was removed by heating the sanrtple to 75 C and bubt^ling nitrogen 
through the sample. 

b) Monomer Swelling 

35 ... 

167 parts of monomer solution (114,6 parts MMA. 14.5 parts Styrene, 33.32 parts HEMA. 4.16 parts M/VA. and 
5.90 parts of t-BPO) were emulsified with 0.76 parts of DOSS (75% solution in water/EtOH). and 167 parts of Dl water. 
This mixture was added to tfie solvent emulsion from at>ove. In several minutes the nusnomer was incorporated into the 
uniform droplets, 

40 

c) Polymerization 

The above mixture was diluted to 80% water based on weight. The reaction mixture was added to a sealed pres- 
sure tube and subjected to mild agitation in a hot water bath at 85 C for 1 hour and then an additional 1 hour at 95 C. 
45 The reaction tube was cooled to 25 C in ambient air. The sample was then dried and examined by SEM microscopy. 
The particle size diameter was 1,72 microns and extremely unifornx Cryofractured partcles revealed a polymer- 
shell/liquid-core morphology. 

Examole 13 

50 

Preparation of PELC Particles bv Poh/condensation 
a^ Primary Swelling 

55 120.2 parts of TL205 (E-I^erck) liquid crystal. 47.7 parts of Mondur MRS aliphatic isocyanate (Miles Inc.). 333 parts 
of ethyl acetate. 2,3 parts of DOSS (75% solution in water/EtOH). 98.9 parts of Dl water, and 19.9 parts of methyl beta- 
cyclodextrin (50,8% by weight solution in water). Wacker Company, were added to a Waring® blender and were emul- 
sified at very high shear for 5 minutes. Optical nr^croscopy at 500X showed enujisified LC/solvent droplets in the range 
of approximately 1 to 2 microns. 201,3 parts of polymer emulsion latex (10,00% polymer by weight in water. 0.562 
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micron particle size. poly(BA/styyhexanethiol). 82/18/19). were added to the emulsified LC mixture. The sample was 
then subjected to mild agitation for 30 minutes at 25 C. The sample was then viewed under the microscope at.SOOX - 
the particle size droplets were extremely uniform. The ethyl acetate was removed by bubbling nitrogen through the sam- 
ple at25C. 

b) Polymerization 

The above mixture was diluted to 80% water by weight with a water solution containing 9 parts ethylene diamine 
and 3.43 parts of letra-ethylene tertra-amine (relative to the 47.7 parts of Mondur MRS). The reaction was conducted 
at 25 Q The sample was then dried and examined by SEM mjcroscopy. Fractured particles revealed LC filled polymer 
particles. The particle size diameter was 1 .25 microns and the polydospersity is ^ .004, 

Claims 

1. A plurality of uniformly sized spherical domains comprising liquid crystals dispersed in an aqueous medium, said 
droplets having particle sizes ranging from 0.150 microns to 15 microns in diameter and polydispersities of less 
than1.3. - . 

2. The domains of daim 1, wherein said domains are comprised of operationally nematic liquid crystals encased 
within polymer to form a plurality of particles wherein said liquid crystals are present as one or more domains within 
said polymer. 

3. The particles of claim 2, wherein said liquid crystal is present as a single donnain encased by a continuous polymer 
shelL 

4. The particles of claim 3. wherein the refractive index of said polymer shell and the ordinary refractive index of said 
operationally nematic liquid crystal differ by less than 0.03. 

5. A film formed from said particles of claim 3, 

6. Liquid crystal apparatus, comprising liquid crystal means for selectively scattering or transmitting light in response 
to a prescribed input said Iquid aystal means comprising uniformly sized partides having operationally nematic liq- 
uid crystal domains encased in a continuous polymer shell, said particles having particle sizes ranging from 0.150 
microns to 15 microns in diameter and polydispersities of less than 1.3. and further containing a support medium 
means of supporting said liquid crystal means. 

7. Liquid crystal apparatis of claim 6. wherein said liquid crystal means changes from scattering light to transmitting 
light at a voltage less than 1.2 volt per miaon thickness, based on the total thickness of the film. 

8. Liquid crystal apparatus of claim 6. having hystersis of less than 8%. 

9. Liquid crystal apparatus of claim 6 having N^ax values of ^eater than 2. 

10. Liquid crystal apparatus of claim 6 wherein said polymer is comprised of two or more continuous shells. 

11. A method for forming uniformly sized domains conprising: 

a) forming a pre-seed partide by polymerizing one or more first ethylenically unsaturated monomers; 

b) forming an emulsion of seed partides by aqueous emulsion polymerization in the presence of said pre-seed 
emulsion of one or more second ethylenically unsaturated monomers: 

c) adding to said emulsion of seed partides one or more liquid organic materials to fonri an emulsion of seed 
particles and organic liquid; and 

d) causing said liquid organic material and seed particles to form substantially monodisperse domain contain- 
ing organic liquids, said domains having domain sizes ranging from 0.150 microns to 15 microns In diameter 
and polydispersities of less than 1 .3. 

12. The method of claim 1 1 . wherein said organic liquid material is a liquid crystal material, 

13. The method of claim 1 1 wherein said organic liquid is selected from the group consisting of: inks, toners, dyes, ffla- 
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vors/ fragrances, pesticides, mtldicides. insecticides, fungicides, marine anti-fouling agenls. pharniaceutically 
acceptable agents! and herbicides. 

14. The method of daim 1 1. further comprising adding to said emulsion of seed particles and said liquid organic mate- 
5 rial one or nrtore nionomers and polymerizing said monon^ers after said liquid organic material and said seed par- 
ticles have formed substantially monodisperse domains to form polymer particles having liquid organic domains. 

15. The method of claim 14. wherein said organic liquid is a liquid crystal material. 

w 1 6. The method of daim 1 5. further comprising the addition of one or more cosolvertts with said liquid crystal material. 

17. The method of daim 26, wherein said cosolvent is selected from the group consisting of macromolecutar organic 
compounds having a hydrophobic cavity 

15 18. A method for redudng the switching voltage of a bulk liquid crystal material by adding to said liquid crystal material 
(he seed partides formed according the method of according to daim 18 in an amount of from 0.1 weight percent 
to IS weight percent based on the total weight of said bulk iiqutd crystal material. 

19. The method of claim 15 wvhich provides a film formed from said partides wherein the f9m has Nmax values of 
20 greater than 2. 

20. Liquid crystal apparatus of claim 6. further comprising a reflecting means for effecting internal reflections of light 
scattered by said liquid crystal; said support medium means having a viewing side for emitting at least some light 
scattered by said liquid crystal means and an opposite side relative to the viewing side and further comprising opti- 
cs cal absorbing means or at>sorbing light through said opposite side of support medium means. 
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